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INTRODUCTION 

The results of physiological investigations during the Gemini 
and Apollo programs led to certain hypotheses concerning man's physio- 
logical adaptation to zero-gravity. Investigation of some of these 
hypotheses required measurement of pulmonary blood flow (cardiac 
output) during exercise and parameters describing compartmental 
volumes of the lung obtained by standard pulmonary function tests. 
These investigations were conducted pre- and post-flight during the 
Skylab program. The results of these investigations indicated a 
need for monitoring the time course of observed changes after in- 
sertion to zero-gravity. 

In the previous SpaceTab simulations, experiments demonstrating 
potential Shuttle experiments investigating pulmonary blood flaw ■ 
and pulmonary function were proposed, implemented, and conducted. 
Valuable knowledge about procedures, time-lines, requirements 
documentation, and other facets of implementing a Space! ab experi- 
ment was gained, in addition to demonstrating the scientific value 
of the experiment. 

EXPERIMENT DESIGN 

After the previous simulation, the crew members offered several 
suggestions for improving operations of the experiment hardware. In 
the experiment system, data were acquired and analyzed by a dedicated, 
general purpose minicomputer, and the flow of the computer software 
was controlled through a standard computer terminal. As a result, 
it was necessary for the crew members to learn to operate the 
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computer in addition to learning to perform the experiment. This \ 

increased the training required and potential sources of experiment 
problems. 

In addition, the system, as implemented in the previous 
simulation, was not representative of hardware that will be flown 
on Shuttle. First, the monitor system was large (1 1/3 racks) and 
required substantial power (1000 watts). Second, all data were 
stored on mass storage devices in the experiment system; no inter- 
face to an onboard data system was included. 

The experiment system has been totally redesigned. Instead of 
using a general purpose minicomputer for transducer control and data 
acquisition, analysis and storage, the system uses a dedicated micro- 
processor for transducer control and data acquisition and analysis. 

No data will be stored in this system, but the data will be trans- 
mitted to the on-board data system. In comparison, the data system 
will require approximately 12 inches of rack space versus 1 1/3 
racks, and will consume only 100 watts versus 1000 watts of power. The 
computer console and terminal have been replaced by an experiment specific 
control panel. This control panel, through a series of lighted buttons, 
will guide the operator through the test series providing a smaller margin 
of error. 

It was the purpose of this OTR to evaluate different aspects of this 
new system. The experimental validity of the system was verified, and the 
reproducibility of data and reliability of the system checked. In addition, 
improvements in ease of training, ease of operator interaction, and crew 
acceptance were evaluated in actual flight conditions. 


To minimize subject interaction with the hardware and thus 
minimize both time expended and possible operator error, an 
experiment-specific control panel has replaced the standard 
computer console. 

The experiment control panel (Figure-1) uses a series of step- 
monitor lamps and lighted pushbuttons to guide the subject through 
the test. The panel is separated into four modules (from left to 
right, front view): Module 1 -Initialization, Module 2-Pulmonary 

Function Test (PFT), Module 3-Physiol ogi cal Time Constants/ 

Pulmonary Blood Flow (PTC/PBF) and Module 4-Output. The Initial- 
ization Module provides subject and mass spectrometer identification 
and test selection (PFT or PTC/PBF). The PFT module guides the 
subject through Nitrogen Washout and Forced Vital Capacity Maneuvers. 
The PTC/PBF module controls an exercise protocol which includes 
cardiac output maneuvers (also cued by panel lights). The output 
module includes the controls for selection of the output devices 
(printer, video, and/or on-board data system). Computer controlled 
software illuminates the pushbuttons to cue the next step and then 
after the button is depressed, lights the corresponding green light 
to indicate the process currently taking place. 

Program execution starts with the initialization of all signals 
on the I/O Bus and the lighting of the IDLE light and the two buttons 
within Module 1 on the control panel. The subject selects the de- 
sired output device(s) in Module 4, and then returns to Module 1 to 
enter the subject number, mass spectrometer type and the desired test 
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(depress either PFT or PTC/PBF). The appropriate test light at 
the top of Module 2 or Module 3 is lit. From this point on, 
pushbuttons are lit as cues to the next step and the green monitor 
lamps are lit to indicate the current process taking place. 

The Pulmonary Function Test is started by calibrating the mass 
spectrometer (CALMS). If the calibration is successful, the WO 
button is lit; otherwise, the CALMS button is relit. After hoses 
have been attached between the mouthpiece/ valve assembly, the 
oxygen supply, and the spirometer, the subject depresses the WO 
button. He then inspires room air and inserts the mouthpiece 
into his mouth. Next, he exhales slowly to residual volume (RV), 
inspires a vital capacity (VC) of oxygen, and again exhales slowly 
to RV. This initial maneuver should take 10-15 seconds. The sub- 
ject continues to breathe normally with the mouthpiece retained 
in his mouth until the washout is complete. During the entire 
washout maneuver, the tidal volume and the FNg for each breath is 
displayed on the video monitor and/or the panel printer. The end 
point is signaled when the green WO light goes off and the yellow 
F VC button is lit. This end point is also indicated by watching 
for two consecutive FNgO# on the video monitor or the printer. 

Next, the washout hoses are stowed and the FVC hose is attached to 
the spirometer exhalation port. A cardboard tube is inserted in the 
hose. The FVC maneuver proceeds as follows: Depress the FVC push- 

button (its light turns off and the green monitor lamp is lit), don 
the nosed amp, inspire maximally to total lung capacity, place the 
mouthpiece in mouth, and exhale as rapidly as possible to RV. At 


this point, the RPT button is lit indicating completion of the FVC 
maneuver. The subject now depresses the RPT button to display the 
PFT results on the printer and/or video monitor. The test is complete 
when the printout is finished and the END TEST button is lit. If 
the subject wishes to repeat any of the maneuvers, he pushes the 
desired button and proceeds from that point (this also holds true 
at any other point during the test when a button is lit). Depress- 
ing the END TEST button returns control to Module 1 and the system 
awaits further subject action (depressing PFT or PTC/ PBF button). 

The Pulmonary Blood Flow Test also starts out by calibrating 
the mass spectrometer (CALMS). If the calibration is successful, 
the ROOM button is lit; otherwise, the light is relit requesting 
a re-cal. The subject then attached a flexible hose between the 
spirometer and the mouthpiece. The mass spectrometer capillary is 
exposed to ambient air while the ROOM button is depressed. Successful 
sampling of room air is indicated when the START button becomes lit; 
otherwise, repeat the ROOM air sampling procedure. Next, insert the 
capillary into the mouthpiece. Verify that the subject has donned 
the ECG electrodes and the blood pressure cuff. Insert mouthpiece 
assembly into mouth, don nosed amp and depress the START pushbutton. 
Breathe normally until the computer requests a cardiac output maneuver 
(that is, when the Q pushbutton is lit). When the Q pushbutton is 
lit, the computer expects to see a single breath maneuver within the 
subsequent minute. To perform a cardiac output maneuver, the subject 
inspires a slightly larger than normal breath of air, depresses the 
Q pushbutton, then exhales fully but slowly at a constant flow rate. 


If the initial maneuver is thought to be unsatisfactory, the sub- 
ject may repeat the procedure anytime within that minute after de- 
pressing the Q pushbutton again. The test is terminated when the 
END TEST pushbutton is lit upon completion of the five-minute 
protocol. During the test, data are output to the video monitor 


and/or printer every minute. 


3.0 PHYSIOLOGICAL PROCEDURES 

Initial investigations concerning man's response to weightless- 
ness required the measurements of pulmonary blood flow during exer- 
cise and parameters describing compartmental volumes of the lung 
obtained by standard pulmonary function tests. These investigations 
were conducted pre- and post- flight during the last three Apollo 
flights, and during the Skylab program. 

The three experiments (pulmonary function, pulmonary blood flow, 
and physiological time constants) supported by this data system, have 
been conducted in a laboratory environment, previous SMS tests, or 
both. A similar complement of transducers is used to monitor totally 
different parameters. This common use of equipment allowed all three 
experiments to share the data system, transducers, and software device 
handlers, with only the control and analysis software being unique for 
each experiment. The only resulting restriction is that certain experi- 
ments are not able to function concurrently. The two experiments that 
can function concurrently, pulmonary blood flow and physiological time 
constants, monitor the same parameters, but differ in normalization 
times and reporting time intervals. 

3.1 Pulmonary Function Test 

This particular pulmonary function test represents a logical exten- 
sion of knowledge gained during Skylab investigations which included: in- 
flight vital capacity measurements, and measurement of maximum sustained 

minute ventilation (maximum exercise testing) together with the evaluation 

* 

of ventilatory equivalents (V e /Vq ) during rest and exercise. 
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Although these measurements permitted only gross evaluation of pul- 
monary function, they were sufficient to show that man can endure 
3 months exposure to zero-g without serious pulmonary impairment. 

However, this exposure included a daily regimen of strenuous physical 
exercise. An approximate 10% decrease in vital capacity was observed 
although Idle crewmen were able to sustain exceptionally high maximum 
ventilatory rates. These high ventilatory rates were possible because 
of the 3.47xl0 3 N/m 2 (5 psia) ambient pressure. (Life Sciences SMS 11,1977). 

The integrity and proper function of the body require adequate 
oxygen delivery to and carbon dioxide removal from the body tissues. 

Thus, the primary function of the pulmonary system is to arterialize mix- 
ed venous blood through elimination of carbon dioxide and addition of 
oxygen. This is achieved by ventilation which, in turn, is a function 
of tidal volume, respiratory frequency, and intrapulmonary distribution 
of the respired air. Superimposed upon these gaseous factors are the 
quantity and distribution of pulmonary blood flow. It is believed that 
the measurements proposed herein comprise the minimum number necessary 
to quantitate pulmonary function in zero-g, thereby providing data to 
support the contention that man could be qualified for space flights 
of long duration. 

A simple, useful test of pulmonary function is the measurement of a 
single forced expiration. The subject inspires maximally and then ex- 
hales as hard and completely as he can. The volume exhaled in the 
first second is called the forced expiratory volume or FEVj g, and the 
total volume exhaled is the forced vital capacity or FVC. The mean 


flow rate occurring between 0.2 and 1.2 L of the expired gas volume is 
the maximum expiratory flow rate or MEFR. The rate of air flow during 
forced expiration in a healthy young man is initially very rapid, though 
there is considerable slowing at the end-expiration. A marked reduct- 
ion in flow rates indicates that a mechanical problem exists which 

may be present during expiration or inspiration, or both. The 
maximal flow is limited by the rate at which the muscles are able to 

transform chemical energy into mechanical energy and also by a rising 
flow resistance. Thus, the flow rates are reduced in persons who 
have any airway obstructions (Comroe, 1970). 

In the curve generated by the FVC data (volume vs. time), the in- 
itial and terminal portions are relatively variable due to non-broncho- 
pulmonary factors present during these phases of expiratory effort. The 
terminal phase involves neuromuscular factors, such as maintenance and 
coordination of effort. The initial phase not only involves neuromuscular 
factors, but also mechanical equipment factors as well, such as inertial 
distortion. The measurement of maximum midexpiratory flow rate or MMFR, 
avoids both initial and terminal phases of the expiratory effort. 

Although MMFR is slightly less reproducible than other commonly used 
measurements of ventilatory capacity, its sensitivity more than makes 
up for this disadvantage. 

The forced vital capacity, forced expired volume, and expiratory 
flow rates are relatively easy to measure using simple spirometry 
methods. Since there is always a residual volume in the lungs that 
cannot be expelled by maximal expiration, this volume must be measured 


Measurement 


Definition 


Forced Vital Capacity (FVC) The maximum volume of air that can be ex' 

haled in the smallest possible time. 


Forced Expired Volume - 
1 sec. (FEV1 ) 


The maximum volume of air that can be 
exhaled in 1 second. 


Maximum Expiratory Flow 
Rate (MEFR) 


The mean flow rate between 0.2 liters 
and 1.2 liters of the forced vital 
capacity maneuver. 


Maxi mum Mi dexp i ra tory 
Flow Rate (MMFR) 


The mean flow rate for the middle half 
(0.25*FVC to 0.75*FVC) of the forced 
vital capacity maneuver. 


PARAMETERS DERIVED FROM FORCED 
VITAL CAPACITY (FVC) MANEUVER 


TABLE I 


Measurement 


Definition 


Residual Volume (RV) 


N 2 Delta 


Closing Volume (CV) 


VA/RV 


Vital Capacity (VC) 


The volume of air remaining in the lungs 
after a complete exhalation. 

The change in nitrogen concentration (%) 
between 0.35*VC liters and 0.65*VC BTPS 
liters of the first exhalation after the 
first inhalation of 100% oxygen. This is 
the slope of the alveolar plateau of the 
so-called single-breath washout test. 

The volume of air displaced from the apices 
following airway collapse at bases near the 
end of a full exhalation to RV. 

The amount of alveolar oxygen ventilation 
required to washout one liter of residual 
volume from the lungs. 

The maximum volume of air than can be ex-, 
haled starting from full inspiration. 


PARAMETERS DERIVED FROM NITROGEN WASHOUT MANEUVER 


TABLE II 


indirectly. 

Traditionally, the single breath maneuver for measuring vital 
capacity (VC) and the nitrogen washout maneuver for measuring residual 
volume are performed as two separate maneuvers. To minimize subject 
interaction with the hardware and thus minimize both time expended 
and possible operator error, these measurements were integrated so 
that only two subject activities were required during the maneuver. 

The first required the subject to don a noseclip, place the mouth- 
piece of a respiratory valve assembly in his mouth, and exhale complete 
ly to a residual volume (RV). The subject then took a full inspiration 
of oxygen (inspiratory vital capacity) and following that he again 
exhaled (at a low flow rate) completely to RV. After this initial 
activity, the subject continued to breathe normally through the 
mouthpiece until his end-tidal nitrogen level was below 3% on two 
consecutive breaths (approximately 3 minutes). 

The second activity requires the subject to perform a maximum 
flow/volume inhalation and exhalation. Total test time was reduced 
by combining both procedures. 

The open-circuit or nitrogen washout method involves the inspira- 
tion of pure oxygen and expiration into a spirometer. If the subject 
has been breathing air, the gas remaining in his lungs is 78% nitrogen. 
As he begins to breath the pure oxygen, it will mix with the gas still 
in his lungs and a certain amount of nitrogen will "washout" with each 
breath. By measuring the amount of nitrogen in each expired breath, 
a washout curve is obtained from which the volume of air in the lungs 


initially can readily be calculated* The initial alveolar nitrogen 
concentration is the maximum nitrogen fraction (FN ? ) recorded during 
the first expiration (before inspiring pure oxygen). The alveolar 
nitrogen concentration after washout is the maximum FN 0 recorded dur- 
ing the final expiration. Using these alveolar concentrations and the 
total volume of nitrogen exhaled, the functional residual capacity (FRC) 
can be determined using the equation: 


Ng Volume Exhaled - 0.0312T 

FRC = — 

Max. FNgj - Max. FNgp 

The 0.0312T, a traditional correction factor based on subject body sur- 
face area and the time of washout, represents the amount of nitrogen 
washed out of the blood and tissues. Since the FRC is the volume of 
gas remaining in the lungs at the end expiratory level, the difference 
between the the FRC and the amount of anatomical dead space in the lungs 
(approximately 0.02 liters) is the residual volume. The residual volume 
represents the air that cannot be removed from the lungs even by force- 
ful expiration. This is important because it provides air in the alve- 
oli to aerate the blood even between breaths. 

After the residual volume is computed, the VA/RV ratio is computed 
by dividing the total volume of gas exhaled by the residual volume. This 
ratio represents the amount of alveolar oxygen ventilation required to 
washout one liter of residual volume from the lungs. 

Using the single-breath portion of the data, (Figure 2), the maximum 
volume recorded during the exhalation is stored as the vital capacity (VC), 
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NITROGEN WASHOUT, SINGLE BREATH MANEUVER 
FIGURE 2 






that is, the maximum volume of air (in liters, BTPS) that can be exhaled 
starting from full inspiration. 

Following a single inspiration of 100% 0g » the Ng concentration 
rises as the dead space gas is increasingly washed out by alveolar gas 
(Figure 2). Finally, an almost uniform c^s concentration is seen rep- 
resenting pure alveolar gas. This phase is often called the alveolar 
plateau. The slope of the alveolar plateau can be computed using the 
volume/nitrogen concentration pairs from the single breath maneuver. 

The data pairs (volume, FNg) corresponding to 0.35*VC and 0.65*VC 
are used in a linear regression routine to compute the best straight > 
line expressing nitrogen fraction as a function of v&lume within the 
0.35VC to 0.65VC interval. The slope of this line multiplied by 100 
is the slope of the alveolar plateau in %/L. 

Using the linear regression line from above, the closing volume 
can be found by searching backwards from the maximum volume through the 
volume/nitrogen concentration pairs until the first FNg less than the 
predicted FNg is found (Figure 2). The volume at this point is sub- 
tracted from the VC and stored as the volume of air displaced from the 
apices of the lung following airway closure at the base of the lung near 
the end of a full exhalation. to RV, or Closing Volume (CV), 

Looking at Figured, the abrupt deflection of Ng towards the end 
of the expiration defines the closing volume (CV). This pattern has been 
interpreted by the following sequence of events. When starting the man- 
euver from maximal expiration, a larger fraction of the RV is contained 
in the upper parts of the lung than in the dependent regions. During 


the succeeding inspiration of 0 2 , the N 2 in the lower lobes becomes more 
diluted than in the upper ones. During the following slow expiration 
the upper and lower regions both contribute to the alveolar plateau 
but toward the end of expiration, some of the airways in the dependent 
zone collapse due to compression and reduce the contribution with low 
N 2 to the expirate. At this point the contribution from the upper 
regions with high N' 2 predominates, producing the upward deflection of 
N 2> The closing volume increases when the elastic recoil of the lungs 
and/or the caliber of the smaller airways are reduced. So far, know- 
ledge of the CV seems to be particularly helpful for detecting early 
pathologic conditions in the airways. It might also be useful in the 
evaluation of more advanced stages of pulmonary disease with respect to 
progression or regression of the disorder or the effects of therapeutic 
measures. To date, there are relatively few reports concerning the CV 
phenomenon and its relation to other tests of pulmonary function. 
(Lovelace, 1975). 

Once the forced vital capacity maneuver and the nitrogen washout 
maneuver have been completed, the resulting data are combined to produce 
a set of secondary pulmonary function data (Table III). 

The total lung capacity (TLC) is the total volume of the lungs at 
full inspiration and can be computed as the sum of the residual volume 
(RV) and the vital capacity (VC). 

Four ratios are then determined from the combined data. The first 
is the percent of forced vital capacity (FVC) that can be expired in one 
second ( FEV-j q/FVC). In restrictive diseases (ex. pulmonary fibrosis), 
both FEV and FVC are reduced- but characteristically the FEV-j q/FVC % is 


Measurements 

Total Lung Capacity (TLC) 
(TLC=RV+VC) 


Description 

The total volume of the lungs at full 
inspiration. 


FEV1/FVC5S 


The percent of forced vital capacity 
that can be exhaled in one second. 


FVC/VC% 


The ratio of forced vital capacity to 
vital capacity expressed as a percentage. 


CV/VC% 


CC/TIC% 


The ratio of closing volume to vital 
capacity expressed as a percentage. 

The ratio of the sum of residual 
volume and closing volume to total 
lung capacity expressed as a percentage. 


PARAMETERS DERIVED FROM COMBINED FORCED VITAL 
CAPACITY AND NITROGEN WASHOUT MANEUVERS 


TABLE III 


normal or increased. In obstructive diseases (ex. bronchial asthma), 
the FEV^j q is reduced more than the FVC giving a low FEV^ q/FVC %. 

(West, 1974). 

The third ratio is the ratio of the closing volume to vital 
capacity expressed as a percentage. Normal CV in young normal adults 
is about 10 % of the VC. The CV increases with age and, usually by the 
age of 65 years, it is equal to 40% of the VC (West, 1974). 

The final ratio is the sum of the residual volume and the closing 
volume, divided by the total lung capacity. 

The data system for this experiment (PFT) interfaces with the 
on-board-data-system and transmits certain data to it. These data 
include the parameters in Tables I, II, and III. In addition, the sam- 
pled data for the single-breath portion of the washout and the sampled 
data for the FVC maneuver is transmitted to "ground" and recorded for 
"ground” processing ("ground" is referring to the earth, as in trans- 
mission from the spacecraft to the "ground"). 

3.2 Physiological Time Constants/Pulmonary Blood Flow (PTC/PBF) 

Significant changes in the astronauts' cardiovascular and cardio- 
pulmonary systems as a result of exposure to the zero-g environment of 
space have been observed during the Apollo and Skylab programs. Tests 
on Skylab astronauts revealed significant reductions in blood flow and 
stroke volume in the immediate post-flight period. Steady state heart 
rates obtained during exercise stress tests were elevated. Systolic 
time intervals were significantly altered. These parameters returned to 


preflight values within two weeks after the flight. (Buderer, 1976). All 
of these parameters were obtained during steady state conditions. It 
was hypothesized that these changes were associated with the replen- 
ishment of blood volume lost during the period of weightless exposure. 
This blood loss is presumed to occur as a result of a cephalad shift 
in blood volume accompanying entry in to the zero-g environment. (Life 
Sciences SMS 11,1977). Thus, in zero-g, blood tends to be shifted from 
the lower extremities and abdomen toward the thorax and the head. 

It has been postulated that the increased thoracic or "central" 
blood volume encountered in zero-g will produce at least transient 
increases in pulmonary blood flow (cardiac output) and more uniform 
pulmonary perfusion. The lead times required for the Skylab medical 
expen* ments did not allow for the inclusion of the in-flight measurements 
of pulmonary blood flow* and thus the presence of these flow transients 
could not be verified. It has also been demonstrated that the time 
course of various cardiopulmonary parameters during exercise stress 
testing is related to the physical condition of the subject. The tran- 
sient responses of cardiovascular parameters have never been observed 
on astronauts before, during, or after space flight. However, the 
Physiological Time Constants experiment was included in SMSII. (Life 
Sciences SMSII Report, 1977). 

The purpose of the Pulmonary Blood Flow experiment (PBF) was to 
develop an experiment which would measure the time course and magnitude 
of changes in central blood flow and volume relationships in zero-g, as 
determined by measurements of pulmonary blood flow (cardiac output), as 



well as to provide information on the initial effects of zero-g on 
peripheral circulatory function. The parameters of interest are 


■ • 

heart rate (HR), , V C q , minute volume (V e ), respiratory rate (RR), 


cardiac output (Q), systolic and diastolic blood pressures (SBP and DBP). 

Similarly, the purpose of the PTC experiment was to develop a 
method of evaluating the dynamic response of the cardiopulmonary 
system during exercise stress tests. The parameters of interest are 


heart rate (HR), oxygen consumption (V n ), carbon dioxide production 

u 2 

(V' co ), and minute ventilation (V g ). 

Because of the similarity of measurements, protocols, and trans- 


ducers involved, these two experiments are conducted at the same time. 


The data requirements for both will be documented as a single set of 


requirements. 

It is the functional objective of these two experiments to 
quantitate HR, workload, oxygen consumption, carbon dioxide production, 
minute volume, respiration rate, cardiac output, systolic blood pressure 
and diastolic blood pressure. Heart rate is measured by using an ECG 
preamplifier to identify each QRS complex of an electrocardiogram, then 
counting the beats over the specified interval. For PBF, this interval 
is for one minute; for PTC, five seconds. Workload is sampled every 5 
seconds. For PBF, each minute, the corresponding twelve samples are 
averaged to represent the workload for that minute. For PTC, the sampled 
workloads are saved. Oxygen consumption, carbon dioxide production, and 
minute volume are calculated on a breath-by-breath basis as described 
later in the gas exchange calculations. For PBF, these values are summed 



over the reporting interval (1 minute). For PTC, the values for each 
breath, and the elapsed time from the start of the test until that breath 
is saved. Systolic and diastolic blood pressures are determined for 
PBF by sampling the output of an automated blood pressure system at the 
end of each reporting interval. 

The procedure for determining pulmonary blood flow (cardiac 
output) analyzes the gas concentration at the mouth during a single, 
prolonged exhalation. During any exhalation, the gas concentration at 
the mouth changes, with oxygen concentration decreasing and the carbon 
dioxide concentration increasing. These changes in concentrations are 
not linear, as shown in Figure 3. 

The cardiac output maneuver requires the subject to take a slight- 
ly longer than normal exhalation, depress the Q pushbutton whether 
mounted on the ergometer or the test control panel, and then exhale 
slowly at a constant flow rate. During the maneuver (next exhalation), 
data pairs of Og fraction (FOg) and COr, fraction (FCOg) representing 
the curve in Figure 4 are stored for further analysis. This storing 
of gas concentrations does not interfere with the computation of gas 
exchange values, but occurs in addition to these computations. Because 
the sampled data are used to describe the curve of FCO^ vs. FOg, not 
each of these versus time, the sampling procedure does not simply sample 
at a fixed frequency. Gas pairs are sampled and checked from the be- 
ginning of the exhalation to the end of the exhalation. If the FOg* FCO^ 
data pair does not meet the following restrictions, it is not stored for 
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use in the analysis routine: 

1) The COg fraction must be greater than 0.02 (22) 

Data below this level is not consistent with method 
assumptions; 

2) The O 2 fraction must be less than the previous stored 
O 2 fraction by at least 0.0025 (.252). 

The later criterion guarantees that the F0 2 values are monotonic, a 
necessary assumption for many derivative methods. 

After the end of the breath, the FC0 2 , F0 2 data pairs are 
analyzed by first finding the derivative of FC0 2 with respect to 
F0 2 for each pair. The analysis which has given the best results 
to date has been the cubic spline, described in Appendix C (Lovelace, 
1973). For each point (except the end points), the instaneous in- 
spiratory respiratory exchange quotient (R at each data pair), R.^, 
is determined from the following formula: 

R - s - (s*F0 2 ) - FC0 2 

1nst ^ - (wo 2 r- f cb 2 - 

where s is the negative (or absolute value) of the derivative at the 
sampled data pair. These R. ns £ values are then used with FC0 2 to 
compute a least squares linear regression of FC0 2 as a function of R.j ns 
The absolute value of the slope of this regression is stored for output 
and is used at the end of the reporting interval to calculate cardiac 

4 

output (Q) using the formula: 

. V n x 100Q 
Q = _^2 

4.7 x slope 


9 


a 

where: V_ = oxygen consumption (liters, STPD) 

slope = -1 x slope of the t - FC0 2 regression line 

4.7 = slope of the standard carbon dioxide dissociation 
curve (ml /I iter/ to rr PCO^) 

Q = cardiac output (liters /minute) . 

The data from the PBF experiment is printed on the panel printer 
and is transmitted to the on-board-data-system each minute. The data 
from the PTC experiment is transmitted to the on-board-data-system each 
minute. 

3.3 Gas Exchange Calculations 

The functional objective of the gas exchange calculations in this 
experiment is to measure the difference in the volumes of a particular 
gas or gases, inhaled or exhaled. The volume of a particular gas (x) 
inhaled or exhaled during a given time interval, is equal to the total 
volume inhaled or exhaled during that time interval multiplied by the 
fraction Fx of the gas contained in that volume. 

1) . = Fjx * ^1 (Volume inhaled) 

2) . V EX - p£x * Vg. (Volume exhaled). 

The volume of that gas consumed by the body can be expressed as: 

3 ^* V X = F IX * V I F EX * V E V IX “ V EX. 

The volume of that gas (x) produced by the body can be expressed as: 

V X = F EX * V E " F IX * V I = V EX - V IXi 

Since nitrogen does not readily dissolve in the blood and referring to 
the steady state, it can be assumed that the volume of nitrogen 
inhaled equals the volume of nitrogen exhaled. Therefore, equations 


1) and 2) combine to form: 


5 >- Vin 2 “ Ven 2 _ 

rearranging terms, equation 5) becomes: 


V E F EN, 


6). V x = 


IN, 


Substituting equation 6) into equation 3) and letting x represent 0 2 

■ 

the equation for oxygen consumption (V n ) becomes: 

u 2 


0 2 


f io 2 * v e f en 2 


IN, 


r * V 
h E0 2 V E 


Collecting terms, the final equation for oxygen consumption becomes: 


7). 


where: 


V = V P * 

O2 E 


10 , 


1 _* 


IN, 


'EN, 


- F, 


EO, 


ro 


IN, 


2 = oxygen/nitrogen ratio of inspired air obtained 

from ambient air measurements 


= volume of expired air per unit time 
F E0 = °Kygen fraction of expired air 
F EN = ni ' tr °9 en Fraction of expired air. 


Substituting equation 6) into equation 4), and collecting terms* the final 
equation for carbon dioxide production becomes : 


8 *- V co 2 = V E * F ECO, 


where: F^q - expired fraction of carbon dioxide, 

= volume of expired air, 

F IC0 

2_ = carbon dioxide/nitrogen ration of inspired air 

P obtained from ambient air measurements, 

l TM 


F PM = nitrogen fraction of expired air. 


V n increases linearly with the magnitude of work. As an 
u 2 

exercising subject approaches the point of exhaustion or fatigue, his 
* 

V n will reach a maximum above which it will not increase even with 
u 2 

furthur increases in work. This peak value is referred to as the indi - 

m 

vidual's maximal oxygen uptake (V n max,); this variable appears to be 

u 2 

a fundamental physiological limitation for an individual. 

Carbon dioxide production (V^q ) is roughly the mirror image 
of oxygen consumption. As oxygen is burned by the active tissues, car- 
bon dioxide is produced; as oxygen is withdrawn from the lung gases, 
carbon dioxide is released. The amount of carbon dioxide produced 

divided by the oxygen consumed is the respiratory exchange ratio, 

* * 

R = Vqq /Vq . Values for R vary from lows of 0.65 to about 1.0 at rest, 

2 2 

to more than 1,5 during recovery following short-term exhaustive exercise. 
Elevated R values indicate that more C0 2 Is being produced than 0 2 is 



available to support metabolism. Under these conditions, an "oxygen 
debt" accumulates and metabolism begins to rely on anaerobic processes. 


HARDWARE 


The cardiopulmonary monitoring system hardware requires 36 
vertical inches of rack space (Figure 4). This system includes 
an exhalation spirometer, oxygen demand regulator (mounted on the 
spirometer panel), the experiment control panel, the CPU, the blood 
pressure measuring system (BPMS) and the video monitor. The micro- 
processor (mounted behind the control panel) contains the control 
hardware for the equipment (A/D, printer, control panel and video 
monitor), and the acquisition/control hardware for the transducers 
{spirometer, ergometer, BPMS, MS, and ECG). The mass spectrometer 
(MS) (Perkin-Elmer fixed- col lector, magnetic sector) is mounted in 
the rack adjacent to the spirometer as part of Experiment 58 (X58, 
West, U. C. at San Diego) and the ECG preamplifier is part of Experi- 
ment 50 (X50, Sandler, ARC). 

Microprocessor 

The DEC LSI-11 microcomputer is the center of this microprocessor- 
based system. The CPU, parallel interfaces, serial interface, A/D 
system, bootstrap, terminator and memory modules are mounted in 
a DDV11-B Backplane and H0341 card cage assembly. This mounting 
has room for 1 CPU board and up to 16 option modules including a 
terminator module. Hie assembly also has 18 user-defined slots 
for custom applications. The positioning within the rack for 
the 0TR1 modules is in Table El, Appendix E. 







0TR1 - MICROPROCESSOR-BASED CARDIOPULMONARY MONITOR SYSTEM 
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4.1.1 Microprocessor Module 



The LSI-11 system Includes a KD11-F microcomputer (Figure 
Dl, Appendix D). The 16-bit central processor (CPU) functions 
are contained in four silicon gate N-channel metal oxide semi- 
conductor (NWS), large-scale integration (LSI), integrated 
circuit chips. These chips provide all instruction, decoding, 
bus control, and arithmetic/logic unit (ALU) functions of the 
processor. The central processor contains eight general reg- 
isters which can serve as accumulators, index registers, auto- 
increment/autodecrement registers, stack pointers, or pnogram 
counters (PC=Register 7). 

The KDI1-F module normally requires 1.8A (+5V) and 0.8A 
(+12V) and operates at 400 ms based on a 10 MHZ oscillator 
signal. A power fail/auto restart feature provides jumper- 
selectable restart through a power-up vector, a defined lo- 
cation, or an octal debugging technique (ODT) microcode. The 
LSI-11 bus has a high-speed, 38-line parallel bus. Sixteen 
lines are used for time multiplexing of data and addresses. 

All data and control lines are bidirectional, asynchronous, open- 
collector lines capable of providing a maximum parallel data 
transfer rate of 833K words per second under direct memory access 
operation. 

The KD11-F also contains a 4096-by-16 bit read/write MOS 
semiconductor memory. CPU resident memory can reside in either 



the first or second 4K address bank. One of two jumpers can be 
installed on the module to select the desired bank(bank 0 or 1). 

User-selectable options on the KD11-F (by the removal and 
insertion of jumpers) include the power-up mode, resident memory 
4K address selection and memory refresh (from CPU or another 
devi ce) . 

The power-up mode selected for the Cardiopulmonary Monitoring 
System, mode 0, places the processor in a microcode sequence that 
fetches the contents of memory locations 24 and 26 and loads their 
contents into the Program Counter (PC) and the Program Status Word 
(PS), respectively, after application of power. The program then 
begins execution at the address contained in location 24. This 
option is selected by removing jumpers W6 and W5 from the KD11-F 
module. 

The resident memory 4K address is selected using jumpers W1 
and W2. W1 installed selects Bank 1 (addre-ses 20000-37776) while 
W2 installed selects Bank 0 (addresses 0 - 17776). If neither 
jumper is installed, the 4K resident memory will not respond to any 
address. For 0TR1, the resident memory is selected as Bank 1. This 
allows the use of PROM in Bank 0 to hold the vectored interrupt pairs 
in locations 0-376 and program code from 400-17776. 

Dynamic RAM requires a memory refresh cycle. It can be control- 
led by the CPU (jumper W4 removed) or another device (jumper W4 
installed). Refresh by the CPU is initiated once every 1.6 ms. It 
is the highest priority processor interrupt, and cannot be disabled 


by software using the Processor Status Word (PS) bit 7. The 
process takes approximately 130 jis during which external interrupts 
are ignored. This large time requirement for memory refresh prompted 
a choice of tne REV11-C Bootstrap, Refresh module to refresh the 
2 RAM modules utilized in 0TR1 . The REV11-C refreshes memory using 
a cycle stealing process which does not disable external interrupts 
thereby allowing normal data interrupts to occur at user-set 
intervals. 

4.1.2 Microprocessor-Parallel Line Unit ( PLU) 

The DRV11 parallel line unit (PLU) is a general-purpose device 
interface module that connects parallel I/O devices to the LSI-11 
bus. This unit features: 16 diode-clamped data input lines, 16 
latched output lines, 16-bit word or 8-bit byte program-controlled 
data transfer rate of 90K words per second (max.), user-assigned 
device address decoding and LSI-11 bus interface and control logic 
for interrupt processing generation. 

The control /status register (CSR) and the data registers of the 
PLU are compatible with PDP-11 routines. Addresses for the DRV11 
can range from 16000 through 17777X g . The least significant three 
bits address the desired DRV11 register as follows: 


Address 

Device Register 

167760 

DRCSR 

167762 

DROUTBUF 

167764 

DRINBUF 


.A &- 


JL. 


JL 


Addresses 1 77560-1 77566 are reserved for the console device and 
should not be used for DRV11 addressing. 

Two interrupt vectors are jumper selectable in the range of 0 
through 37X g . The least significant three bits identify the 
interrupting function: 

000300 Interrupt A 

000304 Interrupt B 

A complete list of devices in this system and their corres- 
ponding mnemonics and addresses can be found in Table E2, Appendix 
E. 

4.1.3 Microprocessor - Serial Line Unit (SLU) 

The DLV11 serial line unit (SLU) is a general-purpose device 
interface module that connects asynchronous serial I/O devices to 
the LSI-11 bus. This unit features: either an optically isolated 

20 mA current loop or an EIA interface selected by using the approp- 
riate interface cable option, selectable crystal-controlled baud rates 
(50-9600 baud), and LSI-11 bus interface and control logic for in- 
terrupt processing and vector generation. 

The control /status register and data registers are compatible 1 

i 

with PDP-11 software routines and can be directly accessed via - „ 

processor instructions. The least significant three bits address 
the desired DLV11 register as follows: 

Address Device Register 

177760 RCSR address 

Receive data register address 


177762 




I' 


i 


177764 XCSR address 

177766 Transmit data register address 

Appendix E contains a complete list of devices in this system 
and their corresponding mnemonics and addresses. The diagram in 
Figure 3 shows the peripheral connections with the various DRVlVs 
and DLVITs. 

4.1.4 Microprocessor - Read-Only-Memory Module (ROM) 

The MRV11-AA is a read-only memory (ROM) module that allows the 
use of user-supplied, preprogrammable read-only memory (PROM) and 
masked ROM chips in a compact, nonvolatile memory subsystem. Depen- 
ding on chip type, the module's capacity is either 4096 16-bit words 
or 2048 16-bit words, using 512 by 4-bit or 256 by 4-bit chips, 
respectively. The 4K bank address is set using jumpers on the 
board. 

The cardiopulmonary monitoring system (0TR1) required 6K of ROM. 
The data was programmed on 48 Signetics 82S131 bipolar fusible-link 
(512 by 4-bit) PROMs with the first 32 chips forming 0-4K and the 
next 16 forming 8-10K. The Q0V11 Prom Formatter Program, from DEC, 
was used to punch the binary paper tapes; which were then used as 
input to a DATA I/O Model V ROM programmer, to burn the data into 
the chips. 

4.1.5 Microprocessor - A/D Converter 

The ADAC Model 600-LSI-ll Data Acquisition and Control System, 
manufactured by the ADAC Corporation in Hicksville, N.Y, fits 
directly into the backplane of the DEC LSI-11 minicomputer. The 








module is built on an 8 1/2*'xl0" printed circuit board and contains: 

- a 32 channel analog input multiplexor; 

- a programmable gain amplifier with automatic zeroing; 

- a differential input and amplifier; 

- a high speed sample and hold amplifier; 

- a high speed 12-bit analog to digital converter; 

- 2 digital to analog converters, with the bus interface. 

The ADAC 600 uses the +5 volts from the backplane to power its logic 
as well as to power a self-contained DC to DC converter which supplies 
+15 volts and -15 volts to the analog circuitry mounted on the board. 
This unit requires +5V, + 5 % @2.5 amps for normal operation. 

A flat shielded ribbon cable assembly is attached to the end of 
the board opposite the I/O bus connector to bring the analog signals 
into and out of the computer. The cable is attached to a terminal 
strip mounted along side the LSI-11 chassis (Table D2, Appendix D). 

Microprocessor - Power-up and Oscillator Circuit (Appendix D) 

The power-status signal BPOK H on the LSI -11 backplane must be 
asserted or negated in a particular sequence as dc operating power is 
applied or removed. Initially BPOK H is passive (low). As dc voltages 
rise to operating levels BINIT L is asserted by the processor module. 
Approximately 3 ms (minimum) after +5V and +12V power are normal, an 
external signal source produces an active BDCOK H signal; the processor 
responds by negating BINIT L, and waits for BPOK H. The BPOK H 
signal , produced by the external circuit in (Figure D3, Appendix D), 
goes true (high) 70 ms (min.) after BDCOK H goes high. The processor 
responds by executing the user-selected power-up routine. 


The center of the power up circuit is a 555 tinier which is 
a highly stable device for generating accurate time delays or 
oscillations. At 0.11 seconds (RC constant = 0.005yFd * 22MS1 = 
.11 secs) after power is turned on, BPOK H is pulled low for 2.2 
secs. {RC constant = 0.1 pFd * 22MJ2 =2.2 secs) after which it 
goes high causing processor power up. 

The timer circuit (Figure D4, Appendix D) provides the 100 
Hz signal which is used as the general interrupt frequency for 
data collection during actual program execution. The 10 KHZ 
crystal is set up as a dead short at 10KHZ and an open circuit 
at any other frequency. It serves to stabilize the oscillator 
output (555 timer) at pin 3, eliminating a 555 (max.) drift. The 
10KHZ output of the timer is then divided by 100 (using 2 SN7490 
in a divide-by-10 configuration) and passes through a SN7404 in- 
verter (to remove the notch) to provide a clean 100 HZ signal. 

Microprocessor - Interrupt Acknowledge 

The interrupt acknowledge board is a DRV11 that has been 
modified to acknowledge any unanswered interrupt, A recurring 
problem was the generation of unanswered interrupts by an un- 
debounced pushbutton interrupt. The LSI-11 bus latched onto the 
interrupt, but by the time the processor went to acknowledge it, 
the request disappeared. 

This malady had its source within the DEC circuit in the 
DRV11 Select and Acknowledge section (Figure D5, Appendix D). 

The request line is also input to the interrupt acknowledge 


flip- flop; thereby causing the interrupt acknowledge signal to go 
passive (low) upon removal of the interrupt request (caused by the 
pushbutton bouncing). 

The solution was to modify a DHV11 by removing the acknow- 
ledge flip-flop and tying the interrupt acknowledge signal high. 

The board was then mounted as the last device on the LSI-11 bus, 
above the terminator (TEV11). Any unanswered interrupt would be 
answered by this board, preventing the processor from entering 
the halt mode. 

4.2 Control Panel 

The control panel was designed specifically for this set of 
experiments. The series of 12 lighted pushbuttons, 13 green LED 
indicators, 2 BCD Thumbwheel switches, and 3 two-position toggle 
switches are connected to the LSI- 11 and 0TR1 software via 2 
parallel interface modules (DRV11A and DRV11B). The data bit 
assignments for the two modules are in Tables E6 and E7 in Appendix 
E. The wiring lists and a labeled diagram that shows the control 
panel with each light and button labeled to correspond to the wiring 
diagram are in Tables D6, D7, and D8, Appendix D. 

The panel itself is made from 3/8" thick aluminum alloy and 
measures 10 H n by 19", All buttons, indicators, and switches 
are connected to a connector on the back of the panel . The 4 
cables from the DRVIVs are joined in a connector that plugs directly 
into the back of the panel. This allows for quick disconnect of 
the panel from the rack and the data system. 


The lights and switches are controlled by the DRVll's and the 
user software. To turn a light on, either indicator or pushbutton, 
the corresponding bit is cleared (‘O'); to turn it off, the 
corresponding bit is set ( 1 1 1 ) . The reverse is true for the push- 
buttons, a '1' indicates depression of the button and a 'O' in- 
dicates no depression of the button. Further discussion of the 
subject is treated in the software section of this document. 

Panel Printer 

The Amperex mosaic printer, type 60SA»is capable of printing 
all characters that can be formed within a 7x5 dot matrix; i.e., 

5 vertical columns of 7 dots. The type 60SA prints directly onto 
a self-acting paper and uses a paper- roll of standard width (60 mm). 
A character module (CM64), containing the character generation 
circuit and printer head drive, controls the printer and has a total 
capacity of 64 alpha-numeric characters. The character module 
selects and drives the proper solenoids required to print the 
character presented by the 6 bit ASCII code at the input. Data 
input selection and character printing is performed serially; the 
character is immediately printed after the input selection is com- 
pleted. The logic voltages used in the module for input and output 
are compatible to DTL and TTL integrated circuit levels. 

There are four connectors on a printer circuit (P.C.) board on 
the rear of the printer. The functions of these connectors are as 
follows: 

Connector A - Pin 1 and 2-24 VAC 60HZ input 
Pin 3 and 4 - paper feed control 


Connector B - Switch B (Figure Dll, Appendix D) 

Pin 1 - normally open 
Pin 2 - normally closed 
Pin 3 - common 

Connector C - Pin 3 and 4 - start printer signal contact input 

Connector F - Start printer signal (Figure Dll, Appendix D) 

Pin 1 - normally open 
Pin 2 - normally closed 
Pin 3 - common 

Pin OV - central ground point 


SW "F" 

Pins 1 & 3 

TIMING 

SW "B 11 
Pins 1 & 3 


1 2 3 4 5 6 7 8 9 10 11 12 

100 ms/div 

Panel Printer Timing 
Figure 5 

The CM64 requires the information for the characters to be 
supplied in serial form. The data interface (Figures Dll and D12, 
Appendix D) was designed by Jim Brakefield, a Technology, Inc. 
engineer, to insure data integrity between the LSI-11 parallel 
interface and the Amperex printer. One output line from the 
interface to a solenoid starts the printer carriage moving. Since 
the printer only handles ASCII characters, all control characters 
and other unprintable characters are handled by hardware. 

The printer is designed to interrupt the controlling hardware 
(LSI-11) in three cases: 





and carbon di&x ids). The Space Physiology Branch at NASA/ 

JSC has three different mass spectrometers, each of which operates 
on the same principles, with the same general characteristics and 
software requi rements, but with different output ranges and slightly 
different considerations. The control panel has a thumbwheel switch 
to select v/hich mass spectrometer is to be used and shall automatic- 
ally choose appropriate constants, ranges and scale factors to 
accommodate any one of the three. 

4,4.1 Mass Spectrometer 

In all of the mass spectrometers, the output voltage for a 
particular channel (gas x) is proportional to the partial pressure 
(Px) of the gas admitted to the capillary. In addition, for these 
experiments, the effects of other gases in the atmosphere are ig- 
nored. Since the sum of the partial pressures of the components 


! ^ 
! I 



of a gas mixture is the pressure of the mixture for these analyses, 
this total pressure is barometric pressure (PB) and the following 
equation holds: 

PB = PC0 2 + PN 2 + P0 2 

Since the output voltages for each channel are proportional to the 
partial pressure of a gas (x), partial pressure can be computed 
from: 

Px = GxVx 

where Gx is a gain factor. Both the barometric pressure and the 
pressure drop across the mass spectrometer capillary change, so 
partial pressures are not used in gas exchange calculations. The 
fraction of a gas in a mixture can be determined by dividing the 
partial pressure of that gas by the total pressure: 

Fx - Px 

P0 2 +PN 2 +PC0 2 

To determine the gas composition at any one time, all three gases 
should be sampled, and the partial pressures computed. These 
partial pressures should then be used to determine the gas fractions. 
Because a change in inlet pressure will affect each gas partial 
pressure proportionately, it will not affect the gas fractions. 

Spirometer 

The rolling-seal exhalation spirometer (7 liter capacity), 
used for measuring the volume of gas exhaled during a single breath, 
is the same type used in Skylab Experiment Ml 71 (Metabolic Activity). 
As the piston is displaced, it turns a potentiometer excited by a 
constant DC Voltage (10V+.05V) ,and produces an output voltage 


proportional to piston displacement and hence the volume of gas 
contained in the spirometer. An electrically controlled, gas- 
actuated valve opens the piston chambers to ambient, and allows 
the spring loaded piston to dump its contents whenever the valve 
is opened (Figure D9, Appendix D). 

Because the spirometer is an extremely stable transducer, no 
provision for calibrating the spirometer need be made in the system 
software. Known volumes can be pumped into the spirometer, and the 
output voltage measured. A single conversion factor (liters/A-D 
converter count) can then be calculated and included in the soft- 
ware (Appendix B). For any volume greater than approximately 
0.09 liters, multiplication of the A-D converter output by this 
floating point conversion factor will yield the volume of gas 
contained in the spirometer in liters ATP. Because of dead space 
within the spirometer, approximately 80 cc. of air must be intro- 
duced into the piston chamber before the piston will move. As a 
result, any sample of the spirometer signal which indicates a 
volume of less than 0.100 - 0.110 liters should be assumed to in- 
dicate no piston displacement, or zero volume contained in the 
spirometer. 

4.4.3 ECG Preamplifier 

The ECG preamplifier sends out a pulse each time a QRS com- 
plex is detected. This pulse is passed through a buffer circuit 
(Figure DIO, Appendix D) in the Blood Pressure Measuring System 
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which in turn passes the pulse through the REQB interrupt signal 
on the DRV11-B on the control panel. The number of interrupts 
generated each minute is counted to yield heart rate in beats 
per minute. 


5.0 SOFTWARE 

The computer program for system control, data acquisition, and 
data analysis consists of 3 major modules {IDLE, PFT, PTC/PBF), each 
containing 2-4 minor modules (Figure 6). On program initiation 
(panel power - ON), the IDLE monitor clears the Random Access 
Memory (RAM), sets various pointers, initializes the control panel, 
opens the spirometer valve, and enters an idle state, waiting for 
another test module to be activated following depression of the 
desired test-select pushbutton (pb). This module is also entered 
after completion of the other modules. 

5.1 PULMONARY FUNCTION MODULE (Flowchart F2, Appendix F) 

The PFT (Pulmonary Function Test) module is entered by depress- 
ing the lighted PFT pb within the Idle module on the control panel. 
Four minor modules comprise the PFT module: mass spectrometer cali- 
bration (CAL MS), nitrogen washout (WO), forced vital capacity (FVC), 
and report generation (RPT). Each module can be selected by depres- 
sion of the corresponding pb, whether or not it is lit (provided at 
least one pb in the module is lit). The lighted pushbuttons indicate 
the desired order of operation. The only restriction on order is that 
the CAL MS module must be enacted before the FVC, WO, and RPT mod- 
ules. Then the FVC, WO and RPT modules can be selected in any order, 
any number of times. 

5.1.1 Mass Spectrometer Calibration (CAL MS) (Flowchart F9, Appendix F) 

The calibration routine samples the mass spectrometer every 10 
msec. The sampled datum is converted to a percent and stored. Rapid 
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calibration of the mass spectrometer is possible by sampling gas of 
known nitrogen content. The values for the cal gas routine are 
stored in Read-Only-Memory (ROM) as three floating point numbers. 
Completion of this routine is indicated by "CAL COMPLETE" on the 
video and the printer. If there was an error during calibration 
(COg level too high, cal gas not turned on, torn capillary 
boot,...) the message "BAD MS CAL-REDO" is displayed and the CALMS 
pb is relit. Once the calibration routine has finished, the green 
CALMS light is turned off and the WO pb is lit, requesting activation 
of the nitrogen washout module. 

Nitrogen Washout Module (WO) (Figure F6, Appendix F) 

The nitrogen washout module incorporates two separate procedures 
into one subject activity. The subject places the mouthpiece in his 
mouth, exhales completely to residual volume (RV); inhales oxygen to 
full inspiratory capacity from an oxygen demand regulator, and again 
exhales completely (single breath maneuver). The subject then breaths 
normally, inhaling oxygen and exhaling into the spirometer until the 
procedure is completed. Throughout the procedure, the tidal volume 
and nitrogen fraction are displayed on the video monitor and/or the 
panel printer. 

Both procedures (FVC and WO) involve operations on data pairs 
of nitrogen concentration and spirometer volume. The delay time 
required for the gas sample to pass through the sample catheter 
through the analysis chamber to the outputs, poses a potential problem 
when using instantaneous gas concentration and volume data pairs. 
Because of this delay, analog data at the mass spectrometer output 


represent gas concentrations which were sampled in the past. The 
time delay varies for different mass spectrometers, but is relatively 
constant for a particular mass spectrometer. It is dependent on 
considerations such as catheter length, sample flow rate, inlet 
rate, and electrometer rise time. To avoid this problem in the 
program, both the volume and gases are sampled at 10 msec intervals 
in the FVC module; 20 msec intervals in the single-breath portion 
of the WO module; and 40 msec intervals in the remaining portion 
of the WO module. The spirometer control routine (SPIRO) uses the 
current volume, which is also placed in a First In-First Out Queue. 

At the same time, a volume sample is taken from the other end of the 
queue. This process matching the volume and gases is called phasing. 

The length of this queue is determined by the delay (phasing) time 
required by each mass spectrometer: 

n , ^ _ Mass spectrometer delay time 

Queue length i^r-i H g Interval 

The mass spectrometer used in this experiment had a delay time of 
approximately 640 msec, so a queue of length 64 was used in FVC 
(128/256 for WO). 

Upon entry, the module begins monitoring nitrogen/ volume data pairs. 
No computations are started until after the first end-of-breath 
is sensed by monitoring the spirometer position. Because the subject 
breathes ambient air before the first test maneuver, the nitrogen 
concentration at the mouth following the end of his first exhalation 
can be used as the nitrogen in his lungs. This nitrogen concentration 
is stored for later use in calculating residual volume. After this 


initial inhalation of ambient air, no calculations are performed until 
the next exhalation which is the first one following oxygen inspir- 
ation from RV to TLC. All volume/nitrogen concentration data pairs 
for this exhalation are stored for later analysis. 

After the subject begins inhaling 1 00% oxygen, it is necessary 
to compute the total amount of nitrogen exhaled. For a 20 msec time 
period, the volume exhaled during the period is simply the difference 
in a volume sample and the previous value. A negative difference 
occurs at the end of breath, when the spirometer begins returning 
values of 0 liters, and is treated as a zero volume difference. The 
volume of nitrogen exhaled during a 40 msec period is then computed 
by multiplying that volume difference by the properly phased nitrogen 
concentration. These 40 msec nitrogen volumes are accumulated from 
the initiation until the end of the washout. The criterion for end- 
ing the washout is the occurrence of two successive breaths with a 
maximum nitrogen fraction less than 0.03 (3%). 

After the criteria for washout termination has been met, the 
collected data is used to quantitate the parameters defined in 
Table I. Data analysis begins with the single breath maneuver (the 
first inhalation and exhalation of 100% oxygen). The maximum volume, 
located during the maneuver, is converted to BTPS liters and stored 
as Vital Capacity (VC). Then, volume/nitrogen concentration pairs 
corresponding to 0.35*VC and 0.65*VC are found. A least-squares 
linear regression routine computes the best straight line express- 
ing nitrogen concentration as a function of volume within the 0.35VC 
to 0.65VC interval. The slope of this line is multiplied by 100 


and stored as N 2 DELTA (slope of the alveolar plateau in %/l). 

Next, the nitrogen fraction as the maximum volume (MAXVL) is pre- 
dicted using the linear regression data from above. The data is 
searched backwards from MAXVL to find the first nitrogen fraction 
less than the nitrogen fraction predicted by the linear regression. 
The volume at this point is subtracted from the VC and stored as the 
Closing Volume (CV). The Residual Volume (RV) is then computed using 
a nitrogen dilution technique implemented with the following formula: 


_ NSUM - 0.0312T 
" MAXFNI - MAXFNF 


0.02 


where: 

T = Time of washout (units) 

NSUM = Total volume of nitrogen exhaled during the washout. 
0.0312T = Amount of nitrogen washed out of blood and tissues. 
MAXFNI = Initial alveolar nitrogen concentration (maximum FN2 
during first exhalation, i.e., before 0 2 inhalation). 
MAXFNF - Alveolar nitrogen concentration after washout (maximum 
FN2 during final exhalation). 

The factor 0.0312T is traditionally a correction factor based on sub- 
ject body surface area and the time of washout. A mean body surface 
for the expected subject group is used with actual time of washout to 
determine the volume of nitrogen washout out of the tissues. The 
constant, 0.02 liters, is an approximation of anatomical dead space. 
After RV is computed, VA/RV is computed by dividing NSUM by RV. 

Once the washout calculations are completed, the WO green light 
is turned off and the FVC is lit, indicating the next step in the 
protocol . 


5.1.3 Forced Vital Capacity Module (FVC) (Flowcharts F4 and F5, Appendix F) 

The forced vital capacity module monitors a single breath, from 
a point of maximal inhalation to maximal exhalation. On inhalation, 
the spirometer valve is closed and the spirometer displacement (volume) 
is sampled every 10 msec. Data are not saved until a sample above a 
threshold (120 mv) is detected, indicating the beginning of a breath. 
Each sample is then saved sequentially until six samples differing by 
less than a threshold (20 mv) is detected, signifying the end of the 
maneuver. At this time, the spirometer valve is opened and analysis 
begun to derive the parameters in Table II. First, the volume sample 
occurring one second after the start of the maneuver is extracted, con- 
verted to liters BTPS, and stored in the buffer as FEV1. Next, the max 
imum spirometer displacement (VLAST), collected during the exhalation, 
is converted to liters BTPS and stored in the data buffer as FVC. Then 
elapsed time values for one-quarter and three-quarters FVC are found. 
The time between the two points is determined by the number of samples 
between them and the fixed sampling rate of 10 msec/sample. MMFR is 
calculated by subtracting the volume at 0.25*FVC from the volume at 
0,75*FVC and dividing it by the elapsed time. This same procedure is 
then repeated for 0.2 liters and 1.2 liters of the FVC to permit cal- 
culation of MEFR. The routine then turns off the FVC green light, 
turns on the RPT pb light, and exists to the PFT monitor idle loop. 

5.1.4 Report Module (RPT) (Flowchart FB, Appendix F) 

The RPT module coni) ines the data from the FVC maneuver and the 
WO maneuver to produce a set of secondary pulmonary function data 
(Table III). The results are then printed on the panel printer and/or 


the video monitor (Figure 7). The green RPT light is then turned 
off, the End-Test pb is lit, and the control passes to the PFT monitor 
idle loop. 

PHYSIOLOGICAL TIME CONSTANTS/PULMONARY BLOOD FLOW MODULE (Flowchart F3 App.F) 

The PTC/PBF module is an integration of two experiments from 
SMSII: Pulmonary Blood Flow (PBF) and Physiological Time Constants 

( PTC ) ( Li f e Sciences: SMSII, 1977). This combination is possible in the 
data collection phase since both experiments monitor the same parameters 
(heart rate, VOg, VCOg, V^, and blood pressure) and differ only in the 
reporting interval length over which the data is analyzed. Heart rate is 
is reported in beats/minute for PBF and in beats/15 seconds for PTC. 

VOg, VCOg, and Vp are summed over a one minute reporting interval 
in PBF, while in the PTC, the values for each breath and the elapsed 
start time for each breath are computed. 

The differences lie in the functional objectives of the PTC 
and PBF experiments. PBF is concerned with measuring the time 
course and magnitude of changes in central blood flow and volume 
relationships in zero-g. On the other hand, the PTC is concerned 
with the dynamic response of the cardiopulmonary system during 
exercise stress testing. 

The PTC/PBF module is entered by depressing the lighted PTC/ 

PBF pb within the Idle Module on the control panel. Four minor 
modules comprise the PTC/PBF module: mass spectrometer calibration 
(CALMS), room air calibration (ROOM), start protocol (START) and the 
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cardiac output maneuver (Q.). Each module can be selected by 
depression of the corresponding pb. The lighted pushbuttons (pb) 
indicate the desired order of operation. 

5.2.1 Mass Spectrometer Calibration (CALMS) (Flowchart F9, Appendix F) 

The calibration routine samples the mass spectrometer every 
10 msec. The sampled data is converted to a percent and stored. 
Rapid calibration of the mass spectrometer is possible by sampling 
a gas of known nitrogen content. The values for the cal gas per- 
centages are stored in ROM as three floating-point numbers (one 
each for N,,, CO,,, 0 2 ). Completion of this routine is indicated 
by “CAL COMPLETE" on the video and/or the printer. If an error 
occurs during calibration (C0 2 level too high, cal gas not turned 
on, torn capillary boot, blocked capillary, ...) the message 
“BAD MS CAL-REDO" is displayed and the CALMS pb is relit. Once 
the calibration routine has finished, the green CALMS light is 
turned off and the ROOM pb is lit, requesting activation of the 
room air calibration module. 

5.2.2 Room Air Calibration Module (ROOM) (Flowchart FI 3, Appendix F) 

The room air module samples the ambient air to obtain the 
FN 2 (Nitrogen Fraction), F0 2 (Oxygen Fraction), and FC0 2 (Carbon 
Dioxide Fraction) used in later calculations as gas-inspired 
concentrations (in C0 2 production and 0 2 consumption). Certain 
checks are performed on the data to verify proper values. The 
F0 2 value must be greater than 0.19 (19%) and the FC0 2 value 
must be greater than 0.02 (2%). If this criteria is not met. 




ry 


the message "BAD ROOM AIR" is displayed, the ROOM green light is 
turned off and the ROOM pb is relit. If the criteria is met, the 
three gas fractions are stored in memory (as RAFC02, RAFN2, RAF02) 
along with the F02/FN2 ratio (ORAT) and the FC02/FN2 ratio (CRAT) 
used in later nitrogen ratio computations. Once the ROOM air routine 
is finished, the ROOM light is turned off and the START pb is lit 
requesting activation of the protocol module. 

Start Module (START) (Flowchart F14-F17, Appendix F) 

This module was originally intended for an exercise protocol 
using a prototype personal exercise system. However, due to cir- 
cumstances beyond our control, this device was not ready in time for 
inclusion into the system. The protocol period is currently set up 
for five minutes with a cardiac output maneuver requested during the 
third and fifth minute. This protocol can be easily modified by ad- 
justing the protocol code in the constants section in ROM. Module 
activation takes place when the START pb is depressed. The START 
green light is lit and the Q pb is lit at the beginning of the third 
and fifth minutes requesting a cardiac output maneuver. 

The software for this module starts at STRTP1 (location 6246 g ) 
by initializing the user stack, the spirometer delay, the mass 
spectrometer delay (for volume-gas phasing), a number of flags and 
counters, and the PTC and PBF data buffers. The interrupt counter 
(PINTCT) is set to allow interrupts every 40 msec., the blood pres- 
sure delay is set, and the green START light is lit. A watch loop 
(EXLOOP) takes control and cycles execution through the various 


routines. 

The PTC/PBF watch loop serves as a scheduler for the different 
tasks that take place during execution. These tasks Include: gas 
analysis on volume-gas data, gas exchange end-of-breath processing, 
cubic spline fit for cardiac output data, R(INST) calculations, 
initiation of printer and/or video output, transmission of PTC 
and PBF data to the On-Board-Data-System (OBDS) and end-of-test 
processing. 

The gas analysis routine {Flowchart FI 6, Appendix F) matches the 
phased volume with the corresponding gas fractions. Once a cardiac 
output maneuver is in progress, the FCOg and F0 2 values are saved 
for the cubic spline fit, provided that the C0 2 value is greater 
than 20 Torr, and the 0 2 decreases by more than 0.002. If the 
phased volume is zero, then, an end-of-breath is signaled, the PTC 
breath volume is scaled from A/D counts to 0-8L BTPS, the PTC 
FCQ 2 and F0 2 values are scaled from A/D counts to 0-1L STPD, the 
end-of-breath flag is set, and control passes back to EXLOOP. If 
the phased volume is not equal tc zero, then the delta volume, 
oxygen consumption, and carbon dioxide production are computed 
for the current phased volume-gas pair using the qquations described 
in Section 3,3. Control then passes back to EXLOOP routine. 

Since the computations for cardiac output require a considerable 
amount of computer processing time, they are spaced out over the course 
of the maneuver. Using the F02-FC02 pairs saved in the gas analysis 
routine, a cubic spline fit is used to compute the derivatives of the 
curve. The derivatives are evaluated at each of the original data 


points using a cubic spline fit (Appendix C), and the value of R 

(respiratory exchange ratio) is calculated from the derivative at each 

point. For each point, the calculated R and FC0 2 coordinates are paired, 

and linear regression analysis is applied to the array of points rep- 

* 

resented by the R-FCOg pairs. Cardiac output (Q) is computed from 
the slope of this regression line and from an independently determined 
oxygen consumption valve using the equation: 

• _ VO? * 1000 
^ ” 4.7 * slope 

• 

where: V0 2 = 0 2 consumption rate (STPD ml/min.) 

4.7 - slope of the standard carbon dioxide 
dissociation curve (ml/liter/torr 
PCO 2 ) (Buderer,1973). 

Q = cardiac output (1/min). 

Certain constraints are imposed on the F0 2 -FC0 2 data. Since the 
C0 2 - dissociation curve below FC0 2 = 30 torr is al inear, any point 
from the F0 2 - FC0 2 curve with a FC0 2 value less than 30 torr is 
rejected. Also, if the F0 2 value does not decrease by more than 
0.002 the point is rejected. If this selection criterion f-jults 
in a data array of less than 13 points, the entire measurement is 
rejected. This last criterion eliminates data curves lacking a 
sufficient space of R values to allow meaningful linear regression 
analysis of the R-FC0 2 pairs. (Buderer, 1973). 

Since the on-board-data-system was not implemented in time 
for SMD III, the code for PTC and PBF data transmission clears the 
transmission flags and returns control to EXL00P. 


Output is transmitted to the video monitor and/or printer (depen 
ding on which is selected) every minute. Output data includes time 
(minutes), heart rate, ergometer workload, oxygen consumption 
carbon dioxide production, respiration, minute volume and systolic 
and diastolic blood pressure. 

Once EXLOOP detects end-of-breath, the cardiac output in- 
terrupt is disabled, a delay-loop awaits completion of video and/or 
printer output, and control passes back to the PTC/PBF monitor 
awaiting depression of a pb on the control panel. 

SPECIFIC DEVICE HANDLERS 

Control Panel Software (Flowcharts F1-F3, Appendix F) 

For SMD III, the experiment-specific control panel replaces 
the standard computer console. Proper design of this panel allows 
ease of use, flexibility, and requires less training. The control 
panel, through a series of lights and lighted pushbuttons, guides 
the operator through the test, thereby providing a smaller margin 
of error. 

The control panel is connected to the LSI-11 via 2 DRV11 
Parallel Line Interfaces. The DRV11 output lines control the green 
LED indicators and the amber pushbutton LED's (one output line per 
LED), while the DRV11 input lines are connected to the pushbuttons 
(one input line per pushbutton). One of the i nterrupt lines is used 
for the ABORT buttons, and another interrupt is connected to the 
cardiac output pushbutton. The individual output and input lines 
can be cleared (‘O'), set {'1') and/or read using the respective 


LSI-11 assembly commands: BIC (bit clear), BIS (bit set), and BIT 
(bit test). The LED's are set up so that a BIC ('0') turns the light 
on, while a BIS ('!') turns the light off. Testing the status of 
the individual pushbuttons is done with the BIT command. If the 
result is true ( 1 1 * ) then the button was depressed; if the result 
is false ('0') then the button was not depressed. Interrupts for 
the DRV11 are handled using LSI-11 standard vector pairs. 

The control panel software monitor (PMON, location 652 Q ) also 
serves as the executive controller for the entire system. By 
turning on lights as cues and sensing the depression of the approp- 
riate pushbuttons, the monitor guides the subject through both tests 
(PFT and PTC/PBF). 

The control panel is physically divided into four modules: 
1-Initialization-Idle, 2-PFT, 3-PTC/PBF, 4-Output. After system 
power-up, the monitor turns on the idle light, the PFT pb light 
and the PTC/PBF pb light, (all within Module 1), and enters an idle 
mode awaiting user response. At this point, any button on the panel 
outside of Module 1 can be depressed, but no action will take place. 
This feature was included to further eliminate possible sources of 
human error. Once the user selects the subject code, mass spectro- 
meter type, output devices and then depresses one of the test-select 
pushbuttons, the monitor moves control to the appropriate module. 

The light at the top of the selected module is lit, along with the 
CALMS pb, and the monitor goes into an idle state awaiting further 
user action. 


As In the idle module* the only pushbuttons monitored are those 
within the selected module. The lighted pushbuttons indicate the 
desired order of operation, but any order may be used. This flexi- 
bility allows the user to repeat maneuvers (FVC, WO, START-exercise) 
that might have been performed improperly (example: hiccup during 
FVC maneuver) or experienced some type of failure (clogged mass 
spectrometer capillary, stuck spirometer valve,...). However, 
certain maneuvers must be performed prior to other maneuvers. 

That is, the mass spectrometer must be calibrated (CALMS) 

before any gas analyses can take place (FVC, WO, ROOM, START) 
and ROOM air must be sampled before gas exchange analysis can take 
place within the PTC/PBF module. 

To leave the PFT or the PTC/PBF mdoule, the user need only 
depress the appropriate END TEST pushbutton and control goes back 
to Module 1 placing the system in an idle mode. 

Module 4-output contains the toggle switches allowing user 
selection of the output devices. Currently there are 2 toggle 
switches: OBDS and PRINTER. The printer switch turns on the 24 
VAC power supply for the printer and signals the control panel 
monitor through one of the DRV11 input lines. The OBDS switch 
was intended to do the same thing for the on-board-da ta-sys tern. 
However, since the OBDS was not implemented, the switch was used to 
perform the same function for the video monitor. If an OBDS is 
ever implemented, another toggle switch can be added to the control 
panel and connected to an unused input line on one of the control 
panel DRVll's. 


5.3.2 Panel Printer Software 


The main portion of the panel printer software exists as an 
interrupt service routine (PRINT, location 5Q0 g ) with the interrupt 
vector pair located in addresses 320 g and 322 g . 

The printer hardware generates an interrupt every 10 ms. to 
request a character. If there is any data in the print buffer, the 
characters are sent to the printer one per interrupt. A null byte 
is sent to the printer as a new line signal. The interrupt service 
routine waits until the signal is returned indicating carriage re- 
turn to the left margin before outputting any more data. A minus one 
(-1) is used as a print termination character. At this time, the 
interrupt is disabled and the print buffer is cleared. 

5.3.3 Mass Spectrometer Handler 

The mass spectrometer software consists of 3 subroutines: SAMGAS, 
GET GAS, and CALMS. 

CALMS is the mass spectrometer calibration routine and must be ex 

ecuted before any gas analysis can take place. CALMS initializes the 

mass spectrometer constants dependent on the mass spectrometer type 

selected on the control panel thumbwheel switch. Then, it samples 

each gas (C0 g , 0 g , N g ) from a bottle of Cal Gas (individual gas 

concentrations are known), averages the 25 samples, adjusts the 

cal gas percentages for BTPS, and computes the calibration factor 

for each gas using the equation: 

nr _ Average of 25 samples 
^ Cal Gas SB * BTPS - 


The cal factors are then stored as RAM constants (02CF, N2CF, C02CF) 
for later use by the GETGAS routine. 


SAMGAS uses the gain set in CALMS and triggers the A/D to sample 
the three gas channels: 02, N2, and C02. The values are stored in 
three registers: R0, Rl, and R2 respectively. 

GETGAS uses SAMGAS to sample the three gases and then, converts 
each sample to partial pressure BTPS using the cal factors computed 
in CALMS. The partial pressure (Px) of each gas x is then converted 
to gas fraction (Fx) using the equation: 


Fx = 


Px 

P C02 +P N2 + P 


02 


This data is then passed back to the calling program in locations 
FN2, F02 and FC02. 


.4 Spirometer Handler (Flowchart F10, Appendix F) 

The SPIRO subroutine (location 14154g) monitors the spirometer 
status, controls the spirometer dump valve, and determines the breath 
status. The subroutine is entered with the sampled spirometer volume 
in register 2 (R2). 

If the sample volume exceeds 120 mv, a breath is in progress. 

The volume is then compared against the previous sample. If the 
difference is greater than 20 mv (i.e., current sample is greather than 
the previous sample by at least 20 mv), the volume is saved, and the 
E0B (end of breath) indicator is cleared since a breath is in progress. 
If the difference is not greater than 20 mv, then the VWATCH indica- 
tor is increased by 1. If the resultant VWATCH is less than zero, 
then the sample is saved. If VWATCH equals zero, the E0B indicator 


is set and the spirometer valve is opened. Initially VWATCH is 
set to a negative number WAITT. WAITT remains constant through- 
out a maneuver, but varies from maneuver to maneuver (FVC, WO, 

PTC/PBF). VWATCH is used as a counter to indicate when WAITT 
consecutive spirometer values occur, differing by less than 19 mv. 

This indicates that the spirometer valve has not displaced signifi- 
cantly during the last WAITT samples and therefore signals an end- 
of-breath. 

5.3,5 Conversion Routines 

The Integer to Real conversion subroutine (IR) and the Real 
to Integer conversion subroutines (RI) are taken from the Floating 
Point Package ( FPMP - 11) from Digital Equipment Corporation (DEC) 
for the PDP-11 computer series. 

The Floating Point to ASCII Conversion Routine (FORMAT) was 
written by Donald G. Mauldin of Technology, Inc. to provide limited 
format capabilities. FORMAT provides the capability of outputting 
floating point numbers in the format FX.Y; where X is the number of 
digits to the left of the decimal point and Y is the number of digits 
to the right of the decimal point. The total number of spaces (bytes) 
required for output is: X+Y+2 if Y is greater than zero, and X+Y+l if 

Y equals zero. Input to the subroutine includes: the starting address 

of data output area, Y of FX.Y, X of FX.Y, the least significant word 
(LSW) of the floating point number and the most significant word 
(MSW) of the floating point number. 

As a note of interest, this routine requires 540g words compared 
to 1630g in DEC'S floating point package. 
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APPENDIX A 

GLOSSARY OF ACRONYMS AND ABBREVIATIONS 




A 


A/D 

ARC 

bit 

BPMS 

BTPS 

CAL MS - 

CPU 

CV 

DEC 

DMA 

ECG 

EEG 

FC02 

FEV 

FN2 

F02 

FRC 

FVC 

ICU 

JSC 

LED 

MIT 

MEFR 


GLOSSARY OF ACRONYMS AND ABBREVIATIONS 

Abbreviation for analog/digital converter 

NASA/Ames Research Center, Mountain View, California 

A single digit in a binary number and can have one of only 
two values, 0 or 1. 

Blood Pressure Measuring System 

Body Temperature and ambient pressure for gas saturated with 
water vapor. 

Mass spectrometer calibration routine 
Central Processing Unit 
Closing Volume 

Digital Equipment Corporation 
Direct Memory Access 
Electrocardiogram 
El ectroencephl ogram 

Carbon dioxide fraction (of mass spectrometer sample) 

Forced Expired Volume 

Nitrogen Fraction (of mass spectrometer sample) 

Oxygen Fraction (of mass spectrometer sample) 

Functional Reserve Capacity 

Forced Vital Capacity 

Intensive Care Unit 

Johnson Space Center, Houston, Texas 

Light Emitting Diode 

Massachusetts Institute of Technology, Cambridge, Massachusetts 
Maximum Expiratory Flow Rate 


GLOSSARY OF ACRONYMS AND ABBREVIATIONS (cont'd) 


MMFR 

MPU 

MS 

NASA 

OBDS 

OTR 

pfa 

PC 

PLU 

PS 

PFT 

PS2 

PTC/PBF - 
* 

Q 

RAM 

ROM 

RV 

SLU 

SMD 

SMS 

STPD 

TLC 

VA 



Maximum Mid-Expiratory Flow Rate 

Microprocessing Unit 

Abbreviation for Mission Specialist 

National Aeronautics and Space Administration 

On- Bo ar d- D at a- Sy s tem 

Operational Test Requirements 

lighted pushbutton on the control panel 

Program Counter 

Parallel Line Unit 

Processor Status Word 

Pulmonary Function Test 

Program Specialist 2 

Physiological Time Constants/Pulmonary Blood Flow 
Cardiac Output (L/Min.) 

Random Access Memory 

Read Only Memory 

Residual Volume 

Serial Line Unit 

Spacelab Mission Demonstration 

Spacelab Mission Simulation 

Standard Temperature and pressure for dry gas 

Total Lung Capacity 

Amount of alveolar oxygen ventilated 

Carbon Dioxide Production (L/Min.) 


A2 


GLOSSARY OF ACRONYMS AND ABBREVIATIONS (cont'd) 


* 

V n - Oxygen Consumption (L/min) 

2 

WO - Nitrogen Washout Maneuver 


A3 



APPENDIX B 

Spirometer Calibration 



I 

I 

B 


SPIROMETER CALIBRATION 


PURPOSE: To obtain a value (in A/D counts) corresponding to spirometer 
liters/ count. 

PROCEDURE: 

1. Take piston of known volume with valve closed spirometer dumped. 

2. Push piston full stroke. 

3. Read volts with a voltmeter. 

4. Dump piston. 

5. Repeat steps 2-4 to verify reproducibility. 

6. Do at 3 different volumes and pick middle value (this will 
give you liters/volt). 

RESULTS: 


Piston 

Output 


Volume 

Voltage 

Liters/Volt 

1.375 L 

1.708 V 

1 .375/1 .708 = 0.8050 L/V 

2.371 L 

2.804 V 

2.371/2.804 = 0.8458 L/V 

3.341 L 

3.916 V 

3.341/3.916 = 0.8457 L/V 


0.8457 L/V 

For the ADAC-600-LSI-11 Analog-to-Digital Converter using a gain of 1, 
.488 mv/bit = .488 mv/count 
Therefore: 

0.8457 Liters * .00488 Volts = 

Volt Count 


0.004127 liters 
count 


B1 



I. 
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APPENDIX C 

Pseudo-Cubic Spline Fit 



l 




The pseudo cubic spline implemented in 0TR1 was derived from the spline 
presented by Ahlberg, et.al. (Ahlberg, 1967). They present an efficient 
algorithm for solving the system of equations defining the spline. 

The basic formula for the matrix is: 

hj - = j th sample interval 

j=l m l = S 1 



(y j+i " y j } = d j 

j=n-l a.m- , + 2m. = , w 3c j__ f v _ v \ 

3 31 3 HT ty j y j-l' * h j+1 ly j+l y j ; 


J=n m n = s n (given) 



The two-step solution is: 

1). Forward (k=2,3 s , ,n-l) 

p k = a k q k-l + 2 f'l' 1 ) 

q k ■ - c k /p k 

u k = (d k " a k u k-l> /p k (“l = 0) 


Cl 


where: 


h k " z k “ z k-l 


a k = 


k*l 

h k + h k+1 


c k = 1 " a k 


2). Backwards (k = n-1, n-2, ..,,2) 


\ = Vk+l * u k 


The following page contains a “pseudo- code" representation of the 
algorithm actually implemented. Initially, z ^ (i=i,2,«..,n) contains 
the sampled oxygen (FOg) values and y. (i=l,2,3,...,n) contains the 
sampled carbon dioxide (FCOg) values. 
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PSEUDO-CODE FOR THE CUBIC SPLINE 


Initially: array Z contains FOg 
array Y contains FCOg 
SI = 0.85 if the last FOg = 0 

55 FCOg/FOg otherwise (FCOg and FOg are the last values in 
the array) 

SN = 0.0 

n = the number of FOg - FCOg data pairs 


h„ - h - h„ , 
n n n-i 

; compute differences 

DO 3 k = n-1 , 2 

h k = h k " h k-l 
a k = h k+l 


n k * Vl 


c k " 1 “ 


3 d k = 3*a k 

"RjT 

; step 1 - Forward 

Vl = u n-l + n.O - a n-1 ) 

Ug = dg - a g * SI 
g 

q{2) = ag - 1.0 
“ 270 
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PSEUDO-CODE FOR THE CUBIC SPLINE (CONT'D) 


DO 5 k « 3, n-1 

p k = a k * p k-l * 2 *° 

u k = d k " ^ 1,Q " a k } * d k-l 
p k 

5 q k = a k /p k 

step 2 - Backwards, compute slopes. 
U n = SN 

DO 6 k * n-1, 2 

6 \ s %* m k+l + u k 
m 1 = SI 
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APPENDIX D 


Schmetics & Wiring Lists 


KD11 Factory Jumper Configuration 




M7264 ETCH REV. C. 0 


NOTE 

W1 through W6 arc wire- wrap jumpers 
Jumper Locations 



























LSI- 11 POWER UP CIRCUIT 






LSI-11 TIMER CIRCUIT 
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MICROPROCESSOR CONTROL PANEL 


MICROPROCESSOR CONTROL PANEL 


SUBJECT 


PTC/PBE 



ABORT 

B130 


0„ LIGHT J_ 

i 

fl LIGHTEtj- 
1 PUSHBUTTON 


LEGEND 

-J D 


PTC/PBF 

o 

LiZ 


uM 

U3 

0 CAL MS 


LlC-r 

i 0 

O ROOM 

610 

LIB 

g 

O START 

(MS 

Ue 

uq 
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1 

ABORT 
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Bit ; 

i 

L 

as 




RUN 

o 

L2Z 

- 


POWER 

o 


PRINTER 
Sd 


OBDS ON 

9 

Si OFF 




to 564T 






CONTROL PANEL-DRV11A - WIRING LIST 


r 


DRV11 

- BOARD A 


EXTERNAL 
PANEL CONNECTOR 

INTERNAL 
PANEL CONNECTOR 

CONTROL PANEL 
LED'S & BUTTONS 

SIGNAL 

CONNECTOR, PIN 

CONNECTOR, PIN 

CONNECTOR, PIN 

SIGNAL (ON PANEL) 

INOO 

02A 

TT 

Cl 

1 

C2 

1 

T1 - Bit 1 

INOl 

J2A 

LL 

Cl 

2 

C2 

2 

T1 - Bit 2 

INC2 

02A 

H, E 


16 

C2 

16 

T1 - Bit 4 

I NOS 

J2A 

BB 

Cl 

7 

C2 

7 

T2 - Bit 1 

IN04 

J2A 

KK 

Cl 

3 

C2 

3 

T2 - Bit 2 

IN05 

02A 

HH 

Cl 

4 

C2 

4 

B1 

IN06 

J2A 

EE 

Cl 

5 

C2 

5 

B2 

IN07 

J2A 

CC 

Cl 

6 

C2 

6 

B3 

IN08 

J2A 

Z 

Cl 

8 

C2 

8 

B4 

IN09 

02A 

Y 

Cl 

9 

C2 

9 

B5 

INI 0 

02A 

W 

Cl 

10 

C2 

10 

B6 

inh 

J2A 

V 

Cl 

11 

C2 

11 

B7 

INI 2 

02A 

u 


12 

C2 

12 

B8 

IN13 

02A 

p 

Cl 

13 

C2 

13 

B9 

IN14 

02A 

N 

Cl 

14 

C2 

14 

BIO 

INI 5 

02A 

M 

Cl 

15 

C2 

15 

BU 

OUTGO 

OlA 

C 

Cl 

25 

C2 

25 

LI 

OUTOl 

J1A 

l( 

Cl 

24 

C2 

24 

L2 

0UTQ2 

J1A 

m 

Cl 

26 

C2 

26 

L3 

0UT03 

01 A 

u 

Cl 

19 

C2 

19 

L4 

0UT04 

OlA 

L 

Cl 

23 

C2 

23 

L5 

0UT05 

OlA 

N 

Cl 

22 

C2 

22 

L6 

0UT06 

01 A 

R 

Cl 

21 

C2 

21 

L7 

0UT07 

OlA 

T 

Cl 

20 

C2 

20 

L8 

0UT08 

J1A 

W 

Cl 

18 

C2 

18 

L9 

0UT09 

J1A 

X ! 

Cl 

17 

C2 

17 

L10 

OUTIO 

OlA 

1 \ 

Cl 

37 

C2 

37 

HI 

OUT! 5 

OlA 

00 | 

Cl 

28 

C2 

28 

L22 

REQA 

OlA 

LL 

Cl 

27 

C2 

27 

B13, B14 

REQ8 

02A 

S 

Cl 

38 

CC 

38 

B15 

CSRO 

J2A 

K 





SPIRO DUMP CIRCUIT 

CSR1 

OlA 

DD 





BPMS TRIGGER 





CONTROL PANEL-DRV11B - WIRING LIST 





EXTERNAL 

■ 

INTERNAL 

CONTROL PANEL 

DRV11 

-BOARD B 


PANEL CONNECTOR 

PANEL CONNECTOR 

LED'S & BUTTONS 

SIGNAL 

CONNECTOR 

PIN 

CONNECTOR, PIN 

CONNECTOR, 

PIN 

SIGNAL (ON PANEL) 

OUTGO 

JIB 

C 

Cl 50 

C2 

50 

LI 2 

OUTOl 

JIB 

K 

Cl 49 

C2 

49 

LI 3 

0UT02 

JIB 

NN 

Cl 29 

C2 

29 

L14 

0UT03 

JIB 

U 

Cl 44 

C2 

44 

LI 5 

0UT04 

JIB 

L 

Cl 48 

C2 

48 

LI 6 

0UT05 

JIB 

N 

Cl 47 

C2 

47 

LI 7 

OUT06 

JIB 

R 

Cl 46 

C2 

46 

LI 8 

0UT07 

JIB 

T 

Cl 45 

C2 

45 

LI 9 

0UT08 

JIB 

W 

Cl 43 

C2 

43 

L20 

0UT09 

JIB 

X 

Cl 42 

C2 

42 

L21 

OUT1Q 

JIB 

z 

Cl 41 

C2 

41 

L23 

OUTH 

JIB 

AA 

Cl 40 

C2 

40 

L24 

0UT15 

JIB 

JJ 

Cl 34 

C2 

34 

L25 

INOO 

J2B 

TT 

Cl 35 

C2 

35 

SI 

INOl 

J2B 

LL 

Cl 36 

C2 

36 

S2 

REQA 

JIB 

LL 




ECG COUNT INTERRUPT 

REQB 

J2B 

S 




100 MSEC CLOCK INTERRUPT 




AC on 1 & 2 ! 







+5V on 3 ! 







Return on 4 

i 

* 



iiL- 

i_ 

■ J- 



* ■ ■ 


i i ■■ » 




ELECTRONICS FOR SPIROMETER 


















PANEL PRINTER CONNECTORS 




PANEL PRINTER 

Character Generator to Solenoid Driver 


Char. Generator 
(014) 


Solenoid Driver 
(015) 



















rs 

(Backside) 


#1 7490 
n 7490 
n 7490 
m 7400 
#5 7400 
#6 7432 
#7 7406 
m 7410 














APPENDIX E 

Device and Register Assignments 


CONFIGURATION FOR LSI-11 CHASSIS 



CPU & MEMORY (4-8K) - RAM 

ADAC 800 A/D 

MEMORY (Q-4K) - ROM 

MEMORY (12-16K - RAM 

CPI - DRV11 A Parallel 

MEMORY (8-1 2K) - ROM 

CP2 - DRV11B Parallel 

nmij- Bootstrap 

REVH-C Refres(l 

VIDEO - DLV11A Serial 

PRINTER - DRV11C Parallel 

Power-Up & Oscillator Circuit 

DRV11 - Interrupt Acknowledge 


PROTOTYPE BOARD 


Timer 

Start-UP 



Printer Hardware 




TEV1 1 - 120fi Terminator 


Memory Bank 
2 - PROM 


l'J8 I 
U9 I 
U10 I 

was i 

W16 I 

in 7 i 


WIO I 

W15 I 
W!6 I 
W17 I 


User Selectable Jumpers 

BANK 1 - CPU RAM 

W1 I 
W2 R 
W3 R 
W4 I 
US R 
W6 R 
W9 R 
WIO I 

wn i 


v 

U7 R 


Installed jumper 
Removed jumper 













I 


CPU-KD11F 


POWER UP MODE: MODE 0 
MEMORY BANK: 1 (20000-37776) 

INTERRUPTS : ENABLED 

CPU MEMORY REFRESH: DISABLED 

II. RAM - MSV11B 

BOARD 3: (60000-77776) 

III. R0M-MRV11A (512 x 4 bit ROM) 

BOARD 0: (00000-17776) 

BOARD 2: (40000-57776' 

IV. TELETYPE - SERIAL INTERFACE - DLV11 
BAUD: 300 

DEVICE: 177760 RCSR 
177762 RBUF 
177764 XCSR 
177766 XBUF 

INTERRUPTS: 60 RECEIVER 
64 XMITTER 

V. CONTROL PANEL - PARALLEL INTERFACE - DRV11A 

DEVICE: 167770 DRCSR (DRAS) 

167772 DROUTBUF (DRAO) 

167774 CkINBUF (DRAI) 

INTERRUPTS: 30U PANEL-ABORT 
304 Q MANEUVER 

VI. CONTROL PANEL - PARALLEL INTERFACE - DRV11B 

DEVICE: 167760 DRCSR (DRBS) 

167762 DROUTBUF (DRBO) 

167764 DRINBUF (DRBI) 

INTERRUPTS: 310 ECG COUNT 

314 100 MSEC CLOCK 


LSI- II BOARD 
CONFIGURATION 



E2 






VII. PANEL PRINTER - PARALLEL INTERFACE - DRV11C 


DEVICE: 167750 DRCSR (LPTSR) 

167752 DROUTBUF (LPT) 

167754 DRINBUF (LPTIN) 

INTERRUPTS: 320 

324 

VIII. A/D - ADAC 600 LSI-11 

DEVICE: 176770 A/D STATUS (ADSR) 

176772 A/D DATA ADIN) 

176760 DAC1 (DAC1) 

176762 DAC2 (DAC2) 

VECTOR: 130 ERROR OR DONE 

IX. INTERRUPT ACKNOWLEDGE 

DEVICE: 167740 DRCSR 

167742 DROUTBUF 

167744 DRINBUF 


LSI- 1 1 BOARD 
CONFIGURATION (cont'd) 


E2 (cont'd) 


DEVICE 


*5 VOLTS 


+12 VOLTS 


1 . 

CPU (4K RAM) 

1.8A-s*2.4A (max.) 

0.8A-s»1.1A (max.) 

2. 

ADAC A/D 

2.5A 


3. 

Control Panel 
(2 DRVIVs) 

Buttons (@0.25A) 

LED'S (0O.O3OA) 

LED Indicator (00.035A) 

0.85A^1.3A 

0.85A-S-1.3A 

3.0A 

0.36A 

0.455A 


4. 

Panel Printer (DRV11) 

0.85A-=>1 ,3A 


5. 

Video Monitor (DLV11) 

1.0A^>1.6A 

0.18A-=»0.25A 

6. 

Bootstrap (REV11-A) 

1 .64A-^»2.24A 


7. 

8K RAM 
(2 MRV11) 

0.56A-2H.12A 
0.56A— >1 .12A 


8. 

ROM (BANK 0) 

2.8A-S4.1A 


9. 

ROM (BANK 2) 

1.0A-^»2.3A 


10. 

TERMINATOR (TEV11) 

0.54A-s»0.70A 
18.765A->25.795A (max.) 



LSI- I I POWER REQUIREMENTS 
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STATUS REGISTER (1677X0 * DRCSR) 


Bit 

Signal 

Description 

15 

REQ B 

REQUEST B - under control of user's device 
and may be used to initiate an interrupt 
sequence or generate a flag that may be 
tested by the program. When used as an 
interrupt request; it is asserted by the 
external device and initiates an interrupt 
provided the INT ENB B bit (bit 05) is 
also set. 

14-08 


Not used. Read as 0. 

07 

KEQ A 

REQUEST A - same function as REQB except 
that interrupt is generated only if INT 
ENB A (bit 06) is also set. 

06 

INTA 

INT ENB A - Interrupt enable bit. When set, 
allows an interrupt request to be generated, 
provided REQUEST A (bit 07) becomes set. 

05 

INTB 

INT ENB B - Interrupt enable bit. When set, 
allows an interrupt request to be generated, 
provided REQUEST B (bit 15) becomes set. 

04-02 


Not used. Read as 0. 

01 

CSR1 

CSR1 - This bit can be loaded or read under 
program control and can be used for a user - 
defined command to the device. 

00 

CSRO 

CSRO - Performs same function as CSR1 . 


STATUS REGISTER 

PARALLEL LINE INTERFACE - DRV11* 


* from: Digital Microcomputer Handbook, Digital Equipment Corp., 1976. 
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Description 


STATUS REGISTER (INPUT) 
Bit Signal 

15 

14- 08 
07 

06 

05-01 

00 

STATUS REGISTER (OUTPUT) 

15- 08 
07 

06 


05-01 


Dataset Status - Done (or Ready) flag 
Not used. Read as 0. 

Receiver done - Set when an entire character 
has been received and is ready for input to 
the processor. 

Interrupt Enable - Set under program control 
when it is desired to generate a receiver 
interrupt request when bit 07 is set. 

Not used. Read as 0. 

Reader enable - Set by program control to 
advance the input device to input a new 
character. 


Not used. Read as 0. 

Transmit ready - Set when buffer is empty 
and can accept another character for 
transmission. 

Interrupt Enable - Set under program control 
when it is desired to generate a transmitter 
interrupt request when the DLV11 is ready to 
accept a character for transmission. 

Not used. Read as 0. 


00 


Break - Set or reset under program control . 

When set, a continuous space level is transmitted. 


STATUS REGISTERS 
SERIAL LINE INTERFACE - DLV11* 


* from: Digital Microcomputer Handbook, Digital Equipment Corp., 1976. 
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INPUT SIGNALS 


OUTPUT SIGNALS 


DRV11 -SIGNAL 

PANEL-SIGNAL 

DRV11 -SIGNAL 

PANEL-SIGNAL 

INOO 

SUBJECT-TW-BIT1 

OUTGO 

IDLE-LT 

IN01 

SUBJECT-TW-BIT2 

0UT01 

PFT-LT 

IN02 

SUBJECT-TVJ-BIT4 

0UT02 

PFT CALMS REQ-LT 

IN03 

MASS SPEC-TW-BIT1 

0UT03 

PFT CALMS RUN-LT 

IN04 

MASS SPEC-TW-8IT2 

0UT04 

PFT WO REQ-LT 

IN05 

PFT SELECT - PB 

0UT05 

PFT WO RUN-LT 

IN06 

PTC/PBF SELECT-PB 

0UT06 

PFT FVC REQ-LT 

IN07 

PFT CALMS -PB 

0UT07 

PFT FVC RUN-LT 

IN08 

PFT WO-PB 

0UT08 

PFT RPT REQ-LT 

IN09 

PFT FVC-PB 

0UT09 

PFT RPT RUN-LT 

INI 0 

PFT RPT-PB 

0UT10 

PFT END REQ-LT 

INI 1 

PFT END-PB 

OUT! 1 


INI 2 

PTC/PBF CALMS-PB 

0UT12 


INI 3 

PTC/PBF ROOM-PB 

OUT! 3 


IN14 

PTC/PBF START-PB 

0UT14 


INI 5 


0UT15 

RUN-LT 


INTERRUPT SIGNALS 

REQA PFT ABORT - PB & PTC/PBF ABORT-PB 

REQB PTC/PBF Q MANEUVER-PB 

DEVICE ADDRESSES 


167770 DRCSR (DRAS) CSRO 

167772 DROUTBUF (DRAO) CSR1 

167774 DRINBUF (DRAI) 

INTERRUPT VECTORS 

300 INTA - PFT ABORT & PTC/PBF ABORT 

304 INTB - PTC/PBF Q REQ-PB 


LEGEND 

TW - THUMBWHEEL 
PB - PUSHBUTTON 
LT - LIGHT 
SW - SWITCH 


STATUS SIGNALS 

SPIROMETER DUMP CONTROL 
BPMS TRIGGER 


CONTROL PANEL 
DRV11 -BOARD A 


INPUT SIGNALS 


OUTPUT SIGNALS 


DRV11 -SIGNAL PANEL-SIGNAL 


DRV11 -SIGNAL 


INOO PRINTER SELECT-SW OUTOO 

INOl OBDS SELECT-SW OUTOl 

IN02 0UT02 

IN03 0UT03 

IN04 0UT04 

IN05 0UT05 

IN06 0UT06 

IN07 0UT07 

IN08 0UT08 

IN09 0UTO9 

INI 0 OUTIO 

INI! OUT11 

INI 2 OUT! 2 

INI 3 0UT13 

INI 4 OUT! 4 

INI 5 OUT! 5 


INTERRUPT SIGNALS 

REQA ECG HR COUNT INTERRUPT 

REQB 100 MSEC CLOCK INTERRUPT 

DEVICE ADDRESSES 


167760 DRCSR (DRBS) 
167762 DROUTBUF (DRBO) 
167764 DRINBUF (DRBI) 

INTERRUPT VECTORS 


310 INTA - HR COUNT INTERRUPT 

314 INTB - 100 MSEC CLOCK INTERRUPT 


LEGEND 

PB - PUSHBUTTON 
LT - LIGHT 
SW - SWITCH 


CONTROL PANEL 
DRVT1 -BOARD B 
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PANEL-SIGNAL 

PTC/PBF RUN-LT 
PTC CALMS REQ-LT 
PTC CALMS RUN-LT 
PTC ROOM REQ-LT 
PTC ROOM RUN-LT 
PTC START REQ-LT 
PTC START RUN-LT 
PTC Q REQ-LT 
PTC Q RUN-LT 
PTC END REQ-LT 
PFT SELECT-LT 
PTC/PBF SELECT-LT 


RUN-LT 




j : .... 


ll 


INPUT SIGNALS 


OUTPUT 


DRV11 SIGNAL PRINTER SIGNAL DRV11 SIGNAL 


! 


INOO OUTGO 
INOl OUTOl 
IN02 0UT02 
IN03 0UT03 
IN04 0UT04 
I NOS 0UT05 
I NO 6 0UT06 
IN07 0UT07 
IN08 0UT08 
IN09 0UT09 
INTO OUTIO 
I Nil OUTll 
IN12 0UT12 
IN13 OUT13 
IN14 0UT14 
IN15 NEW LINE READY OUT15 


INTERRUPT SIGNALS 


REQA PRINT character request 

REQB not used 

DEVICE ADDRESSES ■ 

167750 LPTSR 

167752 LPT 

167754 LPTIN 

INTERRUPT VECTORS 

320 PRINT 

324 not used 


PANEL PRINTER 



DRV11-B0ARD C 


1 > 
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SIGNALS 


PRINTER SIGNAL 

BIT 0 - ASCII char. 
BIT 1 - ASCII char. 
BIT 2 - ASCII char. 
BIT 3 - ASCII char. 
BIT 4 - ASCII char. 
BIT 5 - ASCII char. 
BIT 6 - ASCII char. 


Start Carriage Signal 


4 


STATUS REGISTER (ADSR = 176770) 


Bit 

Signal 

Description 

D15 

ERROR 

Set if ADC trigger occurs and previous 
conversion is not complete. 

D14 

MAINTENANCE 


D13 

2 5 


D12 

2 4 


Dll 

2 3 

Loads multiplexor address to select one 
of 64 channels and initiates a conversion 
(If D01 =0) 

DIO 

2 2 


D09 

2 1 


D08 

2° 


D07 

DONE 

Set by completion of conversion, reset 
upon reading data register or initialize. 

D06 

INT ENABLE 

Program selectable interrupt mode. Interrupt 
produced by ADC done (D07) or error (D15) 
when selected. 

D05 

RESERVED 


D04 

GAIN 2 1 

Sets gain of progranmable gain amplifier 
option. 11 sets lowest gain and 00 sets 
highest gain. 

D03 

GAIN 2° 


D02 

SEQ/RAND 

Zero selects random mode for multiplexer. 

One selects sequential mode for multiplexer. 

DO! 

EXT. ENABLE 

Enables clock source to trigger ADC. 

DOO 

START 

Triggers ADC, if ext. enable, Dl, is a zero. 


STATUS REGISTER 
ADAC-600 LSI -11 A/D 
12 BIT CONVERTER 
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Perkin-Elmer Mass Spectrometer - Serial Number 9 


Sensitivity Range 
0 - +5V D.C. 

0 

to 220 

torr 

44 torr/ volt 

0 - +5V D.C. 

0 

to 660 

torr 

132 torr/volt 

0 - 5V D.C. 

0 

to 66 

fcorr 

13.2 torr/volt 



MASS SPECTROMETER SPECIFICATIONS 


ADAC MODEL 600 ANALOG- TO-DIGITAL CONVERTER 


SPECIFICATIONS 

A. 32 Channels A/D 

B. Input Voltage Range-* — : -lOv to +10v (max. of + 15v) 

C. Input Impedance: Greater than 100 megohms 

D. Resolution: 12 bits 

E. Maximum Throughput Rate (12 bits): 50,000 channels/second. 

F. Sample and Hold Aperture Uncertainty: 20 nanoseconds 

G. Jumper-Selectable Modes of Operation 

1. Single-ended 

2. Pseudo differential 

3. Fully differential 

H. Programmable Gain Amplifier (PGA) 

1. Four gain settings: 1,2,5,10 

I. Conversion Times 

1. No PGA 

a. 5 microseconds for multiplexer and sampling and hold 
setting 

b. 15 microseconds for the A/D conversion 

2. With PGA 

a. 5 microseconds for multiplexor, sampling and hold, 
and PGA setting 

b. 15 microseconds for the A/D conversion 

c. 10 microseconds for zeroing operation of the PGA 

ANALOG-TO- DIGITAL CONVERTER SPECIFICATIONS 
ADAC CORPORATION MODEL 600-LSI-ll 


Ell 


Time diagram of a cycle time for one character 


. ‘char toc1e ‘ te > .. 

1 


start signal 




Osc. signal (Q qsc ) 

JlAJUinJUinJUL 

space column 



LI 

column 1 


u 

column 2 



1 L 


column 3 


column 4 

column 5 

Dem. new char, 
(space column) 

space column 


address input time 




u 





t DN 


u 

^SC 

u 


^ct 

n-h 

n r*i r* 

i i t t t 
1 i 1 i S™ 

i r" 

* i 

■U.l 

: n 

1 i i 
■ ■ -< 

n 

i * 
i ! 


I t Q hold min. 

H* M 


NOTE: See following page for 
symbol legend. 


AMPEREX MATRIX PRINTER 
Timing Diagram for One Character 


Legend for timing diagram of one character: 


¥ 

sc 1.8 to 3.4 ms See note 1 
*char 8 x ^sc 

t act 1.2« 

t, hold min 5 x t„„ See note 2 

Q. SC 

t st hold lx t sc 
‘DN 1 x ‘sc 


Scanning time of one column 

Cycle time of one character 

Output activation time during 
one scanning time 

Hold time of input information 

Hold time of start signal 

Time duration of “Demand New 
Character" signal 


The foregoing dynamic data are plotted in "time diagram of a cycle 
time for one character." (See Belov;) 


NOTE: 1) The scanning time t may be adjusted by means of po- 

tentiometer PI for several printing speeds. 

2) The input information must be present during the 
positions 1 to 5 of the 8-position counter. 


AMPEREX MATRIX PRINTER (cont‘d) 
Timing Diagram for One Character 
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APPENDIX F 


Program Flow Charts 











Get: 

Mass Spec 
Subject # 





PTC/PBF 



To IDLE Module 


DNITOR 


F3 




FVC 



FORCED VITAL CAPACITY 





i 

! 


5 


If 

■1 

U 



i l 
! \ 


FORCED VITAL CAPACITY (cont'd) 


F5 








W050 


Analyze Single Breath Waveform 



WASHOUT (confcM) 


F7 



















CALMS 








c 




l 

i 


PFT INTERRUPT HANDLER 


FIT 




PTC/PBF INTERRUPT 
SERVICE ROUTINE 



FI 2 










START 


Initialize 
data ,poi nters,] 
flags, etc. 


Set up gas 
delays 


{ Dependent on specific 
mass spec. 


Set up point- 
ers for PTC 


Get next 
protocol 
step 


["Predefined protocol for Q & exercise 
already loaded in ROM 


EXLOOP: 



Transmit once a minute 


START-PROTOCOL NODULE 


FI 4 





START- PROTOCOL KODULE 



C ) Gas Analysis Routine 


Get next set 
of phased V 
& gases 


FEN2 = N2 expi red, FE02 
FEC02 = C02 expired 


= 02 expired 


ManX 

triggered 


GSLP1 


Man X 
Initial! zee 


Initiate Q man 
on 1st sample 
of new breath 


/ C02 X 
>20 TORR 


Decrease 

s>0.002 . 


Phased 

Volume 


Save FEC02 
and FE02 


Gas End-of- 
! Breath 


Sum Delta vol 
for PBF & PTC 


Current Minute Vol. = CMV + AVol.*BTPSF 
_Del ta Vol. (BRTHV) = BRTHV + AVol .*BTPSF 


Compute C02 
Production 


CC02 = BRTHC = BRTHC + VEC02 
VEC02 = FEC02 - FEN2*(FIC02/FIN2) 


Compute 02 
Consumption 


C02 = C02 + VI02 
VRTHO = BRTHO + VI02 
VI 02 = AVol . * TFEC02 


FEN2*FI02 

FIN2 


EXLOOP: 


START PROTOCOL MODULE (cont’d) 








APPENDIX 8 
Operating Procedures 
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final , 

OTR 1: Inflight Exercise 5/6/77 TRAINING NOTES 

A. Preparation 

1. Verify a data patch panel Installed. 

NOTE: Any patch panel may be used as long 
as one Is Installed. 

2. Remove flexible hoses , blood pressure cuff, 
respiratory valve assembly „ nosed amp, and 
mass spectrometer (MS) capillary tube from 
stowage in OH- 11. 

3. Attach one blue hose (with blue end) to 
blue quick disconnect port labeled OXYGEN 
SUPPLY. Rotate latch clockwise to lock. 

4. Attach other end of hose to blue port on 
respiratory valve assembly with arrow 
pointing toward mouthpiece of assembly. 

5. Attach one end of second blue hose (with 
red end) to red quick disconnect port. 

6. Attach other end of hose to red port on 
respiratory valve’ assembly. 


CAUTION 

Steps 7 & 8 must be done in 
sequence. 


7. Spirometer panel: 

VIDEO SEL sel - OTR 1 

NOTE: The mid-position on this 3-way 
switch is not used and net indicated. 

8. Activate computer: 

PRINTER sw - ON 
OBDS sw - ON 
MASS SPEC tw - 1 

SUBJECT tw = set to proper subject 
(0 p MS a 1 = PS-1, 

2 p PS-2) 


1 



i 


FINAL 

5/6/77 


TRAINING NOTES 


POWER sw - ON (POWER It - ON, 

IDLE It - ON, PFT pb - LIT, 
PTC/PBF pb - LIT) 

9. CRT on rack 13: 

POWER pb - verify depressed (POWER It - ON) 
B. MS start-up From "Pumped Down 11 State 

1. Verify that all Its on MS panel are off 
(see NOTE below step 2). 

2. MS Panel; 

MS POWER sw - OFF 
SYS POWER sw - ON 
ION PUMP sw - ON 

PRESSURE sw (NORMAL/OVERRIDE) - NORMAL 
MODE sw - CLOSED 
FIL sw - NORMAL 
CAPILLARY SELECT sel - OFF 
DVM SELECT sel -'lip (Ion pump current) 
(Reading on DVM should be approxi- 
mately -001. All I jp readings are 
negative, regardless of sign,) 

VACUUM PUMP SHUTOFF vlv - full CW 

(closed) 


CAUTION 

If ELEC INHIBIT It or HIGH PRESS It come on 
or lip (on DVM) is much greater than -010, 
vacuum problem exists within system which must 
be corrected. Refer to MS activation proce- 
dures in flight data file. 



OTR 1 
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FINAL 

5/6/77 


TRAINING NOTES 


C. Verification of MS Vacuum j 

1. Verify that white filter is in CAL INLET 
port on MS panel. Cotton packed side of ; 
filter should face outward. 

2o Place one end of MS capillary tube on CAL 
INLET port. Stow other end as appropriate. 

3. Monitor (on pump current (Ijp) on DVM). 

NOTE; I ip should range from -001 to -030. 
Values of I ip between -030 and -600 indi- 
cate probable' vacuum problem. 

4. MS panel: 

VACUUM PUMP SHUTOFF vlv - full CCU 

NOTE: I ip should remain same or decrease. 

If I IP increases to more than -030 s quicks 
ly close VACUUM PUMP SHUTOFF vlv and have 
external vacuum restored. 

5. MS panel: 

CAPILLARY SELECT sel - CAL 

NOTE: I jp should increase to value be- 

tween »005 and -030. If increase is 
greater than -030 3 quickly return 
CAPILLARY SELECT sel to OFF. Problem 
probably torn boot or capillary tube out 
of place. Less likely possibility is 
absence of external vacuum that was 
undetected in step 4 above. ' f 


1«4 


OTR 1 


FINAL 

5/6/77 


D. MS Power-up 

1. Verify absence of Its on MS panel. 

o 

2 . MS panel: 

MS POWER sw - ON (OPEN LOOP It - ON) 

NOTE: OPEN LOOP It will remain on for 
approximately 20 seconds. If It does not 
go off o capillary tube may be blocked. If 
this is ease, turn CAPILLARY SELECT sel to 
OFF* change to new capillary tube, and 
return CAPILLARY SELECT sel to CAL. 

3. Wait 1 minute and then verify absence of 
Its on MS panel. 

4. Verify air values on MS DVM by placing DVM 
SELECT sel in positions CO 2 , O 2 , then N2, 
and confirming respective gas values. 
Breathe through MS probe tube and confirm 
increase in CO 2 . Following verification, 
return DVM SELECT sel to I jp position. 

E. Flow/Volume Electronics Power-up 

1. Verify on flow/volume electronics -panel: 

TEST GAS SEL sel - OFF 

MODE SELECT sel - OPERATE 

All recessed sws (behind glass panel) In 

AUTO position (UP) 

f 

2 . FI ow/ volume .electronics panel : 

115 V PWR sw - ON (115 V PWR It - ON) 
TEST GAS SEL sel - 0 2 


OTR 1 
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FINAL 

5/6/77 


F. Calibration 


1. Transfer loose end of MS capillary tube to 

CAL GAS tube on flow control unit of X75. 

2. Open needle valve on CAL GAS port (flow of 

10-15 cc/min). 

3. Verify CO? value greater than 4.4 on MS 
DVM by placing DVM SELECT sel in CO 2 posi- 
tion. Following verification, return DVM 
SELECT sel to Ijp position, 

NOTE: If COg value is less than 4.4, go 
to malfunction procedure . 

4. Verify printer paper tape feeds properly. 

5. OTR 1 panel: 

PFTpb - depress 

6. OTR 1 panel: 

CAL MS pb - depress 

7. Verify that CAL MS It blinks on once. 

NOTE: Calibration of mass spectrometer 
is concluded when message CAL COMPLETE 
appears on printer. 

8. Close needle vlv on CAL GAS port. 

9. Verify that WO pb is lit. 

NOTE: Green Its adjacent to PBS indicate 
tests are in progress. Amber lights in 
pushbuttons indicate system is ready for 
next test. 


OTR 1 
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FINAL ; 
5/6/77 | 


TRAINING NOTES 


G. Washout Test 

‘ 1. Transfer MS capillary tube from CAL GAS 
tube on flow control unit of X75 to mouth- 
piece assembly, making sure that Teflon 
tip of capillary extends into valve through 
aperture in stainless steel inlet. 

2. Verify that white sw on oxygen regulator 
is in 100% OXYGEN position, green sw is in 
ON position, and meter reading is approxi- 
mately 200 psi. 

3. Flush hose and valve assembly with 100% 
oxygen using TEST. MASK switch position on 
oxygen regulator. 

4. OTR 1 panel: 

WO pb - depress (WO It - ON) 

5. Don noseclamp. 

6. Inspire room air, hold breath, then place 
mouthpiece in mouth and seal lips over 
assembly. 

NOTE: Maintain subject dependant to 

respiratory valve assembly, 

7. Exhale slowly to residual volume (RV), 
Inspire vital capacity of oxygen, and 
again exhale slowly to RV. 

8. With mouthpiece still in mouth following 
initial maneuver, relax and breathe nor- 
mally until washout is complete. ' Washout 
is complete when green WO It goes off and 
FVC pb lights up. • 

9. Remove mouthpiece and noseclamp. 



OTR 1 
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FINAL 

5/6/77 


10. Carefully remove MS capillary tube from 
respiratory valve assembly. 

♦ 

11. Disconnect hoses from quick disconnect 
ports and from valve assembly. Remove 
blue inlet hose (with blue end) from 
assembly and return to stowage. 

H. Forced Vital Capacity Test 

1. Remove standard cardboard mouthpiece and 
FVC hose from stowage. Attach one end of 
white hose (with red end) to red quick 
disconnect port and other end to cardboard 
mouthpiece. 

2. OTR 1 panel: 

FVC pb - depress (FVC It - ON) 

3. Don nosecl amp. 

4. Inspire maximally to total lung capacity. 
Place mouthpiece in mouth, seal lips 
around mouthpiece, and exhale as rapidly 
as possible to RV. 

5. OTR 1 panel: 

RPT pb - depress 

NOTE: Test is complete when printout is 
finished. 

6. OTR 1 panel: 

END TEST pb - depress 


OTR 1 
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FINAL 

5/6/77 


TRAINING NOTES 


7. Detach white hose from quick disconnect 
port. Remove cardboard mouthpiece from 
hose. Return white hose to stowage. 

I. Pulmonary Blood Flow Test 

1. Verify ECG sensors are attached to subject. 

NOTE: If sensors have not been attached, 

do the following: 

a. Attach ECG electrode harness to ECG 
electrode cable. 

b. Attach cable to ECG input connection 
on HP cardiotach on X50 systems panel. 

c. Attach harness leads to ECG electrodes 
on chest (white lead to upper electrode, 
black to lower, green to reference). 

d. Verify readout on BEATS/MIN panel of 
HP cardiotach. 

e. Verify that ECG It on BPMS blinks on 
and off as CAL pb on cardiotach is 
depressed. (ECG It will come on in 
response to sensing of QRS wave during 
experiment.) 


2.. Obtain BPMS cuff from OTR 1 stowage. 
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OTR 1 


FINAL 

5/6/77 


TRAINING NOTES 


3, BPMS cuff gas/electrical um&.: 

Attach gas connection to UMB GAS on 
BPMS. 

Attach BPMS electrical connection to 
MICROPHONE on BPMS. 


4. Place cuff on subject. 


5. Activate BPMS: 

POWER sv; - ON 

MODE sel - MAN 

6. BPMS: 

CUFF/ INFLATE sw - START 

7. Verify proper cuff Inflation/ deflation 
cycle, with Korotkoff sounds being sensed 
(yellow light on BPMS flashing). 

8. BPMS: 

CUFF/ INFLATE sw - STOP/RESET 

9. Attach one end of blue flexible hose (with 
red end) (used in washout test) to red 
quick disconnect port. Attach other end to 
exhalation port of respiratory valve 
assembly. 

10. Transfer MS capillary tube from loose 
stowage to CAL GAS tube on flow control 
unit of X75. 

'll. Open needle vlv on CAL GAS port (flow 10- 
15 cc/min). 

12. Verify CO 2 value greater than 4.4 on MS DVM 
by placing DVM SELECT sel in CO 2 position. 
Following verification, return DVM select 
sel to lip position. 
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TRAINING NOTES 


OTR 1 

13. IDLE panel: 

PTC/PBF pb - depress 

14. OTR 1 panel: 

CAL NS pb - depress 

15. Verify that green CAL MS It blinks once. 

NOTE: Calibration of mass spectrometer Is 
concluded when message CAL COMPLETE appears 
on printer. 

16. Close needle vlv on CAL GAS port. 

17. Place capillary in position to sample ambient 
air. 

18. OTR 1 panel: 

ROOM AIR pb ~ depress 

19. Conclusion of sampling period indicated 
when START pb is lit. If ambient air data 
is invalid, printer will print message 
BAD ROOM AIR VALUE. 

20. Transfer MS capillary tube to valve assem- 
bly, making sure that Teflon tip of capil- 
lary extends into valve through aperture 
In stainless steel inlet. 

BPMS: 

MODE sel - 200 
CUFF/ INFLATE sw - START 



21 . 


l-n 


OTR 1 


FINAL 
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TRAINING NOTES 


22. Insert mouthpiece of valve assembly in 
mouth and don nosed amp. Breathe normally 
until computer requests cardiac output 
maneuver (step 24 )- 

23. OTR I panel: 

START pb - depress 

24. Cardiac output maneuver: 

Take slightly longer than normal in- 
halation, depress Q pb, then exhale 
slowly at constant flow rate. 

NOTE: Within minute that maneuver is 
requested, if initial maneuver is thought 
to be unsatisfactory, subject may repeat 
procedure by depressing Q pb again. 

25. During ?rd and 5th minutes Q It will come 
on, requesting maneuver. 

NOTE: Test is terminated when time 5.0 
appears on printer and/or END TEST pb is 
lit. 

26. Remove mouthpiece from. moum. 

27. BPMS: 

CUFF/INFLATE sw - STOP/RESET 
POWER sw - OFF 

J. Fiow/Volume Electronics Shutdown 

1. Flow/volume electronics panel: 

TEST GAS SEL sel - OFF 

MODE SELECT sel - OPERATE 

115 V PWR sw - OFF (115 V PWR It - OFF) 


OTR 1 
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TRAINING NOTES 


1-12 


K. MS Shutdown 

1 . HS panel : . 

DVM SELECT sel - I ip 
MS POWER sw - OFF 
CAPILLARY SELECT sel - OFF 

NOTE: lip should decrease toward -001. 

• 2. Remove MS capillary tube from CAL INLET 

port and valve assembly. Clean and return 
to stowage. Replace capillary plug on 
CAL INLET port. 

3. Wait 1 minute before continuing with 
shutdown. 

4. MS panel: 

VACUUM PUMP SHUTOFF cont - fulT CW (closed) 

5. Verify on MS panel: 

Absence of Its 
lip less than -004 

L. Final Shutdown 

1. Remove mouthpiece, noseclamp, blood pres- 
sure cuff, and ECG sensors. 




OTR 1 
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TRAINING NOTES 


FINAL 

5/6/77 


4 . OTR 1 panel: 

END TEST pb - depress 

5. Remove printer tape, label with date/ time 
and stow. 

6 . Inactivate computer: 

POWER sw - OFF 

7. Disconnect hose from quick disconnect port 
and from valve assembly. Return hose to 
stowage OH-11. 

8. Clean valve assembly and return to stowage 
OH-11. 

9. Return remaining, loose equipment to 
stowage. 
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APPENDIX H 


Program Listing 



riONITK RT- 1 1 MACRO 14102- 12 00: 10 *• Be FAGE 1 


1 .TITLE MON ITR 

2 

3 000005 TP=35 

4 000000 IMl-%0 : 

5 008001 I =??:! 

6 000002 IP1=jj2 

? h 

8 . MCALL . .M2. .. .REGBEF, .PRINT, .EXIT 

9 000000 . REGDEF 

000000 R0=30 : 

060001 R 1=31 
000002 R2 =32 
000003 R3=33 • 

O00004 E4=«4 
000005 E5 =35 : 

000006 SP =36 
00000? PC =3? 

10 
11 

12 ; ADDRESSES FOR LINE PRINTER - BOARD C 

13 ; AND ON BOARD DATA SYSTEM 
14 : 

15 16?? 50 LPTCR= 167750 

16 167752 OBDS-LPTSR+2 

1? 167753 LPT=0BDS+1 : 

18 167754 LPTIN=0BDS+2 

19 : 

26 ; ADDRESSES FOE TELETYPE 

21 177560 ROSE =177560 

22 177562 RDUF-RCSF+2 

23 177564: XCSR=RBUF+2 

24 177566 XBUF=XCSR+2 

25 

26 ; CONTROL PANEL - BOARD A 

27 167770 DRAS= 167770 

28 167772 DEA0=DRAS+2 

29 167774 DEAi=DRA0+2 

30 

31 ; CONTROL PANEL - BOARD B 

32 167760 DEBS" 167760 

33 167762 DRBO-DRBS+2 

34 : ■ 167764 DEB I =DEB0+2 

35 

36 ;A/D CONVERTER 

3? 176770 ADSR= 176770 

38 176772 ADlN:=ADSR+2 

39 176760 BAC1- 176760 

40: 176762 DAC2=DAC 1+2 

41 

42 : KW1 1-P PROGRAMMABLE REAL TIME CLOCK 

43 .5 rCSR= 172540 iKMIIP CONTROL STATUS REGISTER 

44 5 PCSB=PCSr:+2 5 KWI IP COUNT SET BUFFER 

45 ; PCR-PCSB+2 J KW IIP COUNT REGISTER 

46 
4? 





WECTQR ADDRESSES RT-U MACRO 14102-12 00:10:02 PACK 2 


1 .TITLE VECTOR ADDRESSES 

2 

3 5 SET UP VECTOR ADDRESSES 

4 000600 ; .ASECT 

5 ; START ADDRESS 

6 000024 .=24 

7 000024 0407? 4 .WORD BEGIN- 0 

000026000000 

8 

9 ; RT- 1 1 START ADDRESS 


10 


000040 

.=40 

n 

00040 

040774 

.WORD BEG IN. 0 


00042 

000000 


12 




13 



: FLOATING POINT TRAP 

14 


000248 

.=240 

15 

00240 

000250 

.WORD 250, 0 


00242 

000000 


16 




17 


008244 

.=244 

18 

00244 

000250 

.WORD 250 

IS 




20 


000258 

. =250 

21 

00250 

000002 

RTI 

22 




23 




24 



JA.'D I SR ADDRESS (CLOCK WAD) 

25 


000314 

.=314 : 

26 

00314 

004674 

.WORD ADISR, 0 


00316 

000000 


27 




28 



;LPf WECTOR ADDRESS 

29 


000320 

.=320 

30 

00320 

000500 

.WORD PRINT, 200 


00322 

000200 


31 




32 



; ABORT VECTOR ADDRESS 

33 


000300 

.=300 

34 

00300 

000416 

.WORD ABORT/ 0 


00302 

000000- . 


35 




36 



; CARDIAC OUTPUT TRIGGER 


3? 000304 .=304 

38 00304 000434 .WORD OMAN, 200 

00306 000200 

39 

40 1 ECG COUNTER 

41 000310 .=310 

42 00310 000466 .WORD ECG. 0 

00312 000000 


43 

44 

45 

46 

000100 

LPEM= 100 

; PANEL PRINTER TNT ENB 

47 

000002 

7TVDM=2 ; 

BIT MASK FOR OBBS SWITCH 

48 

000001 

PRTBI'1= 1 

:BIT MASK FOE PRINTER SWITCH 


> 3 * 

■fv 

r 





i 


i 




MACRO DEFINITIONS 


RT-lT MACRO W02-12 00: 30:02 PAGE 3 


1 


•TITLE 

MACRO DEFINITIONS 

1 . 
3 

: MACRO 

TO RESTORE REGISTERS 

4 


.MACRO 

RE STORE 

5 


JSR 

FORESEES 

6 

~7 


„en&m 


f 

8 

; MACRO 

TO SfiWE 

REGISTERS 

S 


. MRGP.O 

SAt^E 

10 


JSR 

PC, SAl^EG 

n 


. EHDM 


12, 




13 

; MACRO 

TO START 

PRINTER 

14 


.MACRO 

PRTBUF, ME, M3 

15 


JSR 

K5, BtIFLOD 

16 


M2 


17 


M3. 


J8 . 


MOl^ 

#BUFFEE, m 

19 


JSE 

PC, LFTGO 

30 


-EHDM 


21 




22 




23 

; MACRO 

TO PRINT LIME OF TEXT 

24 


.macro 

TVPE.M4 

25 


mok 

•*M4, R0 

26 


JSE 

PC, LFTGO ■ 

27 . 


• EN1M 



28 

20 




8 . 





LD 



* ■ -* 


MACRO' DEF IN 1 TIONS RT-11 MACRO W02-12 00:10:02 FACE 4 


1 


'PROGRAM START ADDRESS 

2 

3 

A 

000400 


.=400 


5 

6 000480 

032767 

000001 

167356 

DOFEV: 

BIT 

#1. DEB I ; LOOK FOR LOOP SWITCH 

7 000406 

001774 


BEQ 

DOPEY 

B 000410 

9 

10 . 

000207 

• 

RTS 

PC 

11 


; RPT 

- REPORT 

SUBROUTINE ; 

12 

1300412 

000207 

ENDTl: 

RTS 

PC 

14 

15 00414 

16 
17 

080207 

ENDT2 : 

RTS. 

PC 

18 

0 12600 

J INTERRUPT ROUTINE -TEMPORARY 

19 00416 

ABORT: 

MOY 

CEPJ+,80 

20 


: CLEAR 

PC AND PS FROM STACK INTO THE BIT BUCKET 

21 


; START 

ALL Ol-RR 

PGA I hi 

22 00420 

012600 


MOI^ 

CSP).+,B0 

23 00422 



TYPE 

I MSG 

00422 

012700 

017576 


MOY 

#IMSG,P0 

00426 

004767 

014406 


JSR 

PC, LPTGO 

i 


24 

25 ? EVENTUALLY THIS MUST BF CHANGE® TO **** BR BEGIN 

26 00432 000456 BR START 

27 

28 

29 :<a MRNEUWER -ISR 

30 00434 012767 QMAN: MOI7 #-l, QFLAG 

177777 

060314 

31 00442 052767 BIS: #200, DRBO 

000200 

167312 

32 00450 042767 BIC #100040. DBAS 

100040 

167312 

33 00456 042767 BIC #400.DRBO 

000400 

167276 

34 00464 000802 RTI 

35 ;ECG COUNTER ISR 

36 00466 005267 ECG: INC PTHRCT 

860246 

37 00472 005267 INC CHE 

057334 

38 804?G 0Q0002 RTI 

39 




PRINTER 1SR RT-11 MACRO VM02-rl2 00: 10:02 PAGE 5 


1 .TITLE PRINTER ISK 

2 

3 '.PRINTER INTERRUPT SERVICE ROUTINE 

4 : 1-5 MB RESPONSE TIME 

5 : 

6 000500 105.7?? PRINT: TSTB SPRTGO 

037144 

7 0B0504 003406 BLE PRTEOL 

8 000506 117767 MOMS 0PRTGO, LPT 

037136 

167237 

9.000514 005267 PRTL: INC PETGO 

037130 

10 00520 000002 RTI 

11 00522 902413 PRTEOL: BLT PRTERM 

12 00524 11276? M01- J B : #40. LPT : PUT SPACE TO LPT 

000040 

167221 

1300532032767 BIT #100000, LPTIN I NO OUTPUT UNTIL NEW LINE READY SIGNAL 

108000 
167214 

14 00540 001412 BEQ PRTX 

15.00542 112767 MOMB #200, LPT ; START 

000200 
167203 

16 00550 000761 BR PRTL 

17 00552 142767 PETEEM: BICB #LPEN, LPTSR 

000100 

167170 

18 00560 11276? MOP’S #40, LPT 

000040 

167165 

'9 00566 080002 PRTX: RTI 

13 
2 1 

21 .TITLE CLEAR 




L-. 


REPRODUCIBILITY OF THE 
ORIGINAL PAGE IS POOR 


CLEAR RT“ 1 1 MACRO XM02- 12 00: IE • 02 PAGE 6 


1 


2 

; CLEAR RAM BANKS 1 AND 3 


3 040570 


. =40570 



4 040570 012700 

CLEARS 

M017 

#20080, R0 


020000 





5 040574 005020 

CLR 1 : 

CLR 

CR0H- 


6 040576 032700 


BIT 

#40000, R0 


040000 





7 S40602 001774 


BEQ 

CLR1 


0 

9 040604 012700 


MOK 

#60000, R0 


060000 





10 40610 005020 

CLR2: 

CLR 

CR01+ 


1! 40612 B32700 


BIT 

#100000, R0 


180000 





12 40616 00.1774 

13 


BEQ 

CLR2 

4# 

14 40620 000167 


JMP 

START 


137744 





15 





16 





17 


.TITLE 

SPACE 


18 

19 840770 


. =40770 



20 40770 000167 

SPACRs 

JMP 

SPAC 1 


177704 





21 

22 040700 


.=40700 



23 40700 012701 

SPAC1: 

M0I7 

#MOPBFR, R1 


061024 





24 40704 012701 


rw 

#40 , R 1 


000040 





25 40710 012702 


MOX 

#20, R2 

; WOPBFR THRU WONBFR 

000020 





26 

27 40714 110120 

SPAC2: 

M01 J B 

Rl, CE0X+ 


28 40716 077202 


SOB 

R2, SPAC2 


29 40720 112767 


MOXE 

#14, XBUF 

; CLEAR 171 DEO SCREEN 

000014 

136640 





30 49726 000167 


JMP 

CLEAR 



177636 


31 . 

32. 

33 .TITLE BEGIN 



BEGIN F!T 11 MACRO 14102-12 


00:10:02 FRGE 7 


.1 

5 040774 

4 640774 012780 BEGIN: 

020000 

5 041000 085020 CLS3: 

6 041Q02 032700 

O40 008 

7 041006 001774 
3 041010 012700 

060000 

9 04101 * 005S20 CLR4: 

10 41016 032700 

1 Li Q 000 

11 41022 001774 

12 

13 41Q24 012700 SPAC3: 

061024 

14 41030 012701 

000040 

15 41834 012702 

800020 

16 41040 U012B SPRC.4: 

17 41042 077202 
IS 41844 112767 

9000 i 4 
136514 

19 41052 000167 

137512 

20 
21 
22 

23 

24 


* =49774 

mw #20000* m 

CLR (R0 ) + 

E IT #40000. K0 

BEQ CLR3 

M0I2 #60008* m 

CLE CEO) + 

BIT #100000* E0 

BEQ CLR4 

HOT 1 #U0FBFR* E0 

MQI7 #40* El 

\1QV #20.- R2 

WB R 1 * CEO) # 

SOB R2* SPAC4 

m/B #14* XBUF 


JflP START 


.TITLE MONITOR 


cn 



MONITOR RT-11 MACRO 14*102-12 


00:10:02 PAGE 8 


1 

2 ; START OF MONITOR 

3 j STORE PROCESSOR STATUS WORDS 

4 ; ENABLE CONTROL PANEL INTERRUPTS 

5 : ENABLE EXTERNAL DEVICE INTERRUPTS 

6 000570 .=570 

7 00B570 012706 START: MOP' #STACK, SF 

0707 12 

8 000574 000005 RESET 

S 000576 01276? MO" #MIN 1 , TT'/GO 

016726 
036364 

10 00604 106700 MPPS EQ 

11 00606 042700 BIC #200, R0 

000200 

12 00612 805837 CLR 0#DEBS 

167768 

13 00616 012705 MOL’ #TSTK.TP 

037112 

14 00622 106400 MTPS R0 

15 00624 005037 CLR 8#DRAS 

167770 

16 00630 012737 MOL' #12,@#C12 

000012 

070716 

17 

18 00636 052767 BIS #40, ORBS 

000040 

167114 

19 


23 

00644 

012767 

800005 

036328 

MOM 

#5, TTYCMT 




21 

00652 

012767 PMON: 
17177? 

167102 

MOM 

#171777,BEB0 

; CLEGS 

BOARD B 

LIGHTS 

22 

00660 

012767 

177776 

167104 

MOM 

#177776* BPAO 

;TU$H 

ON IDLE, 

PFT, PTC 


23 ; ENABLE ABORT BUTTONS 


24 

00666 

052767 

000100 

167074 

BIS 

#100, DBAS 

25 

00674 

D0506? 

036274 

CLR 

DUI12 

26 

00700 

016700 PMON 1 : 

MOl^ 

DRALR0 


167070 

27 

23 ; WHICH OF THE TWO BUTTONS WAS PUSHED?? 


29 

00704 

032700 

BIT 

#40, R0 





000048 





30 

00710 

001005 

BNE 

PFT 

5 PFT WAS 

PUSHED 

31 


y 





32 

00712 

032708 

BIT 

#100, P0 




00716 

000100 





33 

00113? 

BNE 

PTCBF 

; PTC/PBF 

WAS PUSHED 


34 




LIGHTS 




MONITOR P.T-11 MfipEO ; 00; 10:07 PAGE 0+ 


35 ;; ERROR CONDITION 

36 00750 000167 : . JMP Pl'tON 1 

177754 

.. 37 

. 38 : .Era i 



FfT MONITOR KT-I1 MRCRO WMB2-12 00: 10:02 PAGE 9 


I ‘ • .TITLE PFT MONITOR 

2 " ’ '* - 

3 5 T"* MONHKY FUNCTION TEST MONITOR 


4 000724 012767 PFT: 

l v luj/ 

#100, DRAS 

; ENABLE ABORT, DISABLE ALL 

000100 




167036 




5 000732 012767 

MOW 

#40, DRBS 

; OTHERS FROM CP BOARDS 


000046 

167020 


6 

7 ;K0 CONTAINS SUBJECT NO. AND MASS SPEC. TVPE 

9 


9 000740 

012767 

17777 ? 

167014 


MOW 

#177777, DRBO 

; TURN OFF 

ALL LED'S ON 

DRW11B 

10 00746 

012767 

077771 

167016 

PFT2: 

MOW 

#077771, DRAO 

;TURN ON 

IDLE, FFT PB, 

AMD PTC-'PBF PB 

11 00754 

016700 

167014 

PFTl: 

MOW 

DRA I , R0 




12 00760 

030027 

007600 


BIT 

R0, #007600 




13 00764 

001773 


BEQ 

PFTl 




14 00766 

030027 

000200 


BIT 

R0, #200 




15 00772 

001417 


BEQ 

PFTWO 




16 00774 

012767 

037765 

166770 


MOW 

#037765, DRAO 

5 CALMS PB 

DEPRESSED 


17 01002 

005067 

036166 


CLR 

DUM2 




18 01006 

004767 
0 12534 


JSR 

PC, CALMS 




19 01012 

005767 

036156 


TST 

DUM2 




28 01016 

001353 


BNE 

PFT2 





21 -BUTON WAS PUSHED 

22 01020 012767 MOW #077755, DRfiO j TURN ON PFT-WO-RQP 

077755 

166744 

230102600B167 JMP PFT1 

177722 

24 

25 01032 030027 PFTWO: SIT R0.4400 

000400 

26 01036 001412 BEQ PFTFW 

27 01040 012767 MOW #037735, DRAO ;WO PB DEPRESSED 

037735 

166724 

28 01046 004767 JSR PC, HO 

001304 

29 01052 012767 MOW #077675, ©RAO ;TURN ON PFT-FWC-RQP 

077675 

166712 

3001060.000167 JMP PFT1 

177670 


31 



| m&m 




P FT MONITOR 

RT-1 1 

MACRO 

14182-12 00: 16 

32 

01064 03B027 

FFTFl^s 

BIT 

10, #1.000 

33 

00 1000 
01070 001412 


BEQ 

PFTRT 

34 

01072 8 12767 


M017 

41=037575, BlfiO 

35 

:• 037575 
166672 
0 1 108 004767 


JSR 

PC, FP’C 

36 

000354 
01104 012767 


mw 

*077375, DRAO 

3? 

: 077375 
166660 
01112 000167 


JMP 

PFT1 

38 

39 

177636 
£1 116 030027 

PFTF:T: 

BIT 

10, *2000 

40 

082000 
01122 001412 


BEQ 

PFTEl 

41 

01124 0 12767 


MOV 

*036775, DRftO 

42 

038775 
166649 
01132 004767 


JSR 

PC.RPT 

43. 

B13436 
01136 012767 


1101-' 

*075775, BRftO 

44 

075775 
166626 
01.144 080167 


JMP 

PFT1 

45 

177694 
0 1 150 030027 

PFTEl: 

BIT 

10,44000 

46 

604000 
01154 .001412 


BEQ 

PFTEl 

47 

01156 012767 


tw 

*035777, BIRO 

43 

035777 
166606 
01164 004767 

■ 

JSR 

PC, EHDT1 

49 

177222 
01170 012767 


MOP 1 

*177777, BlfiO 

50 

177777 
166574 
81176 000167 


JMP 

PMON 

51 

D2 

177450 

81202 

FFTER: 

Type 

MSG 1 


01202 012703 


wv 

*MS6 1 , 10 

53 

■017546 
01206 004767 
013626 
01212 000167 


JSR 

JMP 

PC, LPTGO 
PFT1 


177536 


c 

r 


i 


PAGE 9+ 


: TURN ON PFT-RPT-KQP 


; TURN ON PFT-EHD-1QP 


:TURN OFF 'LIGHTS 




FTC/PBF MON 1 TOE RT- 1 1 MACRO 14102-12 00: 10 :02 PAGE 10 


1 .TITLE PTC4PBF MONITOR 

2 

3 

4 001216 01276? PTCBF: MOV 1 #100340. DRAS J INTEN -> ABORT, Q 

100340 

106544 

5 001224 01276? MOK *100340* D.RBS 5 INTEN -> ECG 

100340 

166526 

6 001232 012767 GPTCST: MOl^ #077774. DRBO 

077774 

166522 

7 001240 916700 FTC 1: MOW DRfi-I>R0 ‘READ SWITCHES 

166530 

3001244030027 BIT E0, #170000 

170080 

9 001258 001773 BEQ PTC! 

10 ; BUTTON WHS PUSHED 


11 

01252 

03002? 

010000 


BIT 

R0. #10080 




12 

01256 

00141? 


BEQ 

PTCRM 




13 

01260 

01276? 

037772 

166474 


mow 

#037772* DRBO 

! TURN 

ON 

PBF-CfliMS-RUN 

14 

01266 

005067 

035782 


CLP 

DUM2 




15 

01272 

004767 

012250 


JSE 

PC. CALMS 




16 

01276 

005767 

035672 


TST 

DUM2 




l? 

01302 

001353 


BNE 

GPTCST 




18 

01304 

01276? 

077766 

166450 

PTC2: 

MOW 

#877766,DRB0 

5 TURN 

ON 

PBF-ROOM-RQP 

19 

01312 

08016? 

177722 


JMP 

PTC1 




20 









21 

01316 

030827 

020000 

PTCRM: 

BIT 

R0. #30000 




22 

01322 

001417 


BEQ 

PTCST 




23 

01324 

01276? 

037756 

166430. 


MOW 

#037756, DRBO 

;TURN 

ON 

PBF-ROQM-RUN 

24 01332 

005067 


CLE 

DUM2 






035636 







25 

01336 

004767 

004430 


JSR 

PC, ROOM 




26 

01342 

005767 
035626 : 


TST 

DUM2 




27 

01346 

001356 


BNE 

PTC2 




28 

0 1350 

01276? 

077736 

166404 


MOW 

#077736. DRBO 

■TURN 

ON 

PBF-STRT-RQP 

29 

01356 

00016? 

177656 


JMP 

PTC1 




30 









31 

01362 

030827 

PTCST: 

BIT 

R0, #40080 






CO 


i. 




FTC/PBF MONITOR KT-11 MACRO MM02-12 00:10:02 PAGE 18+ 


040000 

32 01366 001412 BEQ PTCE2 

33 01370 012767 MOk #037676, DRBO ;TURN ON PBF-STRT-RUN 

037676 • 

166364 

34 01376 004767 JoE PC.STRTP1 

004644 

35 01402 012767 HOF #176776,DRBO ; TURN ON PBF-END-EQP 

176776 

166352 

36 01410 000167 JMP PTC1 

177624 : 

37 

38 01414 030027 PTCE2: BIT R0, #100000 

100000 

3.9 01420 001412 BEQ PTCEE 

40 01422 012767 MOP 1 #037777, DREO 

037777 

166332 

41 01430 004767 JSR PC, ENDT2 

176760 

4201434012767 IW #177777, DRBO : CLEAR DRBO LIGHTS 

177777 
166320 

43 01442 800167 JMP PMON 

177204 

44 

458144c: PTCER : .PRINT *MSG 1 

01446 012700 .IIP NB <*MSG1>, MOP 1 #MBGI,»0 

017546 

01452 104351 EMT a 0351 

46 01454 000167 JMP PTC! 

177560 

47: 

48 

49 




FORCE PITAL CAP AC I TV 


RT-11 MACRO VM02-12 


00: 10:02 PAGE 1 1 


1 

2 



.TITLE 

FORCE WITAL CAPACITY 

3 

4 


; FORCE 

WITAL CAPACITY MANEUVER 


5 

6 00146B 

052767 

000001 

166302 

FWC : 

BIS 

#1, DRAS 


7 001466 

0 12767 
177730 
036232 


now 

#-50, WAITT 

jSET CLOCK COUNT TO 100 

8 



MOW 

#100. , PCSB 

0 

10 01474 

005000 


CLR 

R0 


11 01476 

005002 


CLR 

R2 


12 01500 

005003 


CLR 

R3 


13 01502 

005067 

032320 


CLR 

WLAST 


14 01506 

012701 

020004 


MOW 

#FWCNT, R 1 

:SET UP BUFFER ALLOCATION 

15 01512 

005021 


CLR 

CR1)+ ; FWCHT=0 

16 


;R1 NOW EQUALS 

ADDRESS OF DATA AREA 

17 


• 5 

m* 

#113, PCS! 

i KICK CLOCK 

18 01514 

052767 

000001 

036176 


BIS 

#1 , DUM1 


19 01522 

005067 

016252 


CLP 

EOB 


20 

21 01526 

000246 

LOOP ? 

HOP 



22 0 1530 

032767 

000001 

016242 


BIT 

#1, EOB ;END OF 

BREATH? 

23 01536 

001773 


. BEG 

LOOP s NO 


24 


* 

J 

CLR 

PCSR 

; TURN OFF CLOCK 

25 01540 

042767 
00000 1 
036152. 


. BIC 

#1, DUM1 

; YES, STORE NO. OF SAMPLES 

26 01546 

010067 

016232 


IW 

R0, FWCNT 


27 01552 

042703 

000001 


BIC 

#1, R3 


28 

29 01556 

004767 

000002 


JSR 

PC, WCOMP 

5 CALCULATE RESULTS 

30 

31 01562 

000207 


RTS 

PC 

; RETURN TO PFTFW IN PMON 


32 

33 




LO 

ec 

r- 


A 


; ■ ■■ • ■ r [W-S-; }-- t*-^-** j“—— ! ■!“■ ■■■■■■ 

FORCE MiTAL CAPACITY RT- II MACRO MM0R-12 00:10:02 PACE 12 

1 


2 5 

3 ; SUBROUTINE MCOMP 

4 ; ‘ 


5 001564 

012705 

037112 

MCOMP : MOM 

11-TSTK, TP 


6 GO 1370 

012704 

034076 

MOM 

*OUTAR; E4 


7 no 1574 

8 

9 GU.l £08 

Q 12700 
037114 

MOM 

*WKAR,R0 

. Y- . 

016745 

016512 

MOM 

FI^DhT I 200 * , - 

(TP) 3 GET RAW FEW 

10 01604 

004767 

014042 

JSR 

PC, IE 


H 81610 

016720 

015050 

MOM 

GLIA CR0)+. 


12 81614 

016720 
0 15046 

MOM 

SLI-M-? * CE0) + 


13 03620 

012520 

110M 

CTP)+> (70)+ 


14 01622 

012520 

MOM 

CTPJ+, CR0) + 


.15 01624 

012700 

037114 

MOM 

#WKAR,R0 


16 0163G 

17 

075020 

FMIJL 

m 


1G 01632 

012024 

MOM 

CEO)-*-, CK41 + 

3 STORE FEW IN FLOAT WORD 

19 01634 

20 
2 i 

0.12024 

MOM 

; COMPUTE FMC 

(R0 J-K (R4) + 

■;0F nUTAE 

22 81636 

016745 
032 164 

MOM 

P'LnSTi - (TP) 


23 8 1642 

24 

004767 

014004 

JSR 

PC, IS 


25 01646 

016540 

000002 

MOM 

2 ( TP ) V ~ ( K0 3 


26 01652 

01154B 

MOM 

(TP) , -(70) 


27 01654 

* 

8 12700 
037114 

MOM 

#MKAE,R0 ■: 


28 0 3660 

29 

875020 

FMUL 

E0 


30 01662 

012024 

MOM 

CR0) A < H43 + 

; STORE FK IN FLOAT 

31 01664 

32 
3-3 

012024 

MOM 

•'COMPUTE MMFR 

( R0 ) H’j (P4) + 

; i-iOKX> 2 OF OUTAR 

34 01666. 

012700 

037114 

MOM 

#WKAE, 20 


35 01672 

0 PI 50 60 
660002 

CLR 

2 CEO) 


36 01676 

0 1 27 1 0 
040600 

MOM 

#40600, (R8) 

: FLOAT 4 

37 01732 
33 

075030 

FB1M 

K8 

; 0 ( R0) .. 2 CEO) =F17C^0 .25 

39 01704 

016740 

014756 

MOM 

SLI7+2, -CEO) 


40 81710 

016740 

MOM 

SLIA ~ CEO) 



014750 



FORCE MITAL CAPACITY RT~ 11 MACRO MM02-12 00:10:02 PAGE 12+ 

41 01714 075030 FDIV R0 ;0(R0) , 2(S0V=UNCflL Fl7C*0.25 

42 


43 

01716 

016045 

000002 

now 

2<S0),-*TF) 


44 

01722 

011043 

now 

CRB^-CTP) 


45 

01724 

004767 

014016 

JSR 

PC, R I 


46 






47 

01730 

011501 

now 

(TP), HI 


48 



: MUL 

#3iR.l 

: 0 . ?5*FMC (UHCAL) 

49 

01732 

061501 

HDD 

(TP) , R 1 


50 

01734 

061501 

HDD 

(TP) j R 1 


51 

01736 

012502 

now- 

(TP)-K Ec 

;0.25*FMC (UNCAL) 

52 






53 

01740 

812700 

020006 

now 

#F^DRTj R 0 


54 

01744 

805004 

C LR 

M 


55 






56 

01746 

022002 

CMP 

(R 0 )+,R 2 


57 

01750 

100776 

BMI 

.-2 


58 

01752 

010067 

035136 

now 

R0VWKAR 


59 






60 

01756 

605204 

INC 

E4 


61 

01760 

020123 

CMP 

Rl, (R 0 )+ 


62 

O 1762 

100375 

BPL 

.-4 


63 

01764 

010067 

035126 

now 

'R0,WKAR+2 


64 






65 



:R4 = NUMBER 

OF TICKS 


66 



: FINISH COMPUTATION OF MMFR 


67 

01770 

004767 

000242 

JSR 

PC, FLOW 


68 






69 

01774 

012704 

034106 

MOM 

=#OUTAR+10> R4 

STORE MMFR 

70 

82000 

012024 

MOM 

(R0)+, (R4) + 


71 

70 

02002 

012024 

MOM 

(R0>+, (R4) + 


i £~ 

73 



; COMPUTE MEFR 



74 



5 COMPUTE L0.2 

AND LI . 2 IN SPIRO 

A/D COUNTS 

75 

02004 

012700 

037114 

MOM 

#WKAR,R0 


76 

02010 

0 1000 1 

MOM 

R0, RT 


77 

02012 

016721 

014646 

MOM 

SLM,(RD + 


78 

02016 

816721 

014644 

MOM 

SLM+ 2 , (R1.1 + 


79 

02022 

016721 

014646 

MOM 

D0.2. (Rl)+ 


80 

02026 

016721 
0 14644 

MOM 

D0.2+2. (Rl )+ 


81 

02832 

075030 

FDIM 

R0 


82 

02034 

016045 

000 O 02 : 

MOM 

2CR0),-(TP) 


83 

02040 

011045 

MOM 

(E 0 ), -(TP) 


S4 

02042 

004767 

JSR 

PC.RI 



oo 




FORCE V I TflL CAPACITY 


00 :10:02 PAGE 12+ 


i t rrr r 

KT-11 MACRO I-TI02-1H 

.013700 


85 02046 
36 

012567 

031772 


M017 

( TP) -K L0,2 

87 02O52 

01270.0 

8371.14 


fW 

*WKAR, R0 

38 02856 

016741 

014610 


my 

Bl * 2+24 -CR 1 ) 

39 02062 

016741 

014602 


my 

B1,2,-CEU 

90 02066 

€75030 


fi i y 

R0 

9.1 0.2070 

016045 

060002 


my 

2 ( R0 ) > ■- C TP ) 

92 02074 

Bi 1045 


my 

(R0),“CTP) 

93 02076 

034767 

013644 


JSR 

PC, E l 

34 02182 
95 

012567 

831740 


my 

•(TP)^Ll .2 

96 02186 

012700 

0200043 


MOH 

#FHDRT, E0 

37 02112 

816701 

831726 


my 

L0.2,R1 

98 02:116 

01C702 

031724 


WJV 

L 1 . 2, R2 

99 02122 

100 

005004 


CLR 

E4 

101 2124 

022001 


cmp 

CR0)+,KI 

102 2126 

100776 


BMI 

> “2 

103 2130 

104 

010067 

034760 


ho y 

R0 , WKflR 

105 2134 

005204 


INC 

E4 

106 2136 

020228 


CMP 

R2, (E0) f- 

107 2140 

100375 


BPL 

;-4 

108 2142 

109 

010067 

834750 



R0 , HKRE+2 

110 2146 

064767 

000664 


JSR 

PC, FLOW 

111 2152 

012704 

034112 


my 

*0UTRR+S4,R4 

1 12 2156 

812024 


my 

(P0)+, CF4) + 

113 2160 
1 14 

012024 


my 

(S0)+,-CR4) + 

115 2162 

016783 

014602 

;IW 

BTPSF, 

E3 

116 2166 

016704 
0 14630 


my 

BTPSF+2,R4 

1 17 2172 

012700 

034076 


my 

tf-QUTRE, R0 

113 2176 

012701 

034076 


M0I7 

#OUTRR,Rl 

119 2202 

120 

012702 

000004 


MOP 1 

#4, R2 

121 2206 

816045 

BTLOOP: 

M0)7 

2(R0) V-CTP) 

7 

t 



ft - ^ — 



FORCE WltAL CAP AC ITY 

RT-11 

MACRO WM02-12 

00:10:02 PAGE 12+ 


000002 





122 2212 

011045 


MOW 

(R0),-(TP) 


123 2214 

062700 

000004 


ADD 

*4,R0 


124 2220 

0 10445 


W 

R4,-CTP) 


125 2222 

010345 


MOW 

R3,-(TP) 


126 2224 

075025 


FMUL 

TP 


12? 2226 

012521 


MOW 

(TP) +i CR1) + 


123 2230 

012521 


. MOW 

(TP)+> (Rl) + 


129 2232 

077213 


SOB 

F2, BTLOOP 


130 2234 

131 

00020? 


RTS 

PC 

' 

132 


•SUBROUTINE FLOW 

: ■ 1 

133 


J 

ENTER WITH: 


134 


t 

WKPlF= 

ADDFESS+2 OF LOW 

WALUE 

135 



WKAR+2«ADDRESS+2 OF HIGH WALUE 

136 


• 

t 

R4=T 



13? 


5 

RETURN WITH: 

FLOW WALUE 

138 


i 

R0 POINTING TO DESIRED 

139 2236 

016700 

034652 

FLOW: 

MOW 

WKAR, R0 


140 2242 

162700 

000002 


SUB 

*2,F0 

* 

141 2246 

011002 


MOW 

(R0),R2 

JLOW WALUE 

142 2250 

0 16700 
034642 


MOW 

WKAR+2, R0 


143 2254 

162700 

000002 


SUB 

#2, R0 

JHIGH WALUE 

144 2260 

011001 


MOW 

(R0),R1 


145 2262 

146 

160201 


SUB 

R2/R1 


14? 2264 

010145 


MOW 

RL-CTP) 


143 2266 

00476? 

013360 


JSR 

PC, IR 

: FLOAT CR8) 

149 

150 22?2 

012700 

037114 


MOW 

*WKAR, R0 


151 22?6 

012520 


MOW 

(TP)+, (R0)+ 


152 2300 

012520 


MOW 

<TP>+, (S0)+ 


153 2302 

016720 

014356 


MOW 

SLW, CR0) + 


154 2306 

016720 


MOW 

SLW+2, (F0) + 


155 2312 

014354 

012700 


MOW 

#WKAR- R0 



03? 114 

156 2316 075020 FMUL R0 iCftL IB RATED DIFFERENCE 

15? 


158 2320 010445 

MOW 

R4,-(TP) 

: FLOAT <T) \ 

159 2322 004767 

JSR 

PC, IR 


013324 




160 




161 2326 012700 

MOW 

#WKAR, R0 


037114 




162 2332 010001 

MOW 

R0j R1 


163 2334 012521 

MOW 

(TP)+, (Rl) + 


164 2336 012521 

MOW 

(TP)+, (Rl) + 


165 2340 075030 

FDIW 

R0 

: D IFFERENCE/T 



FORCE i-'ITAL CAP AC I TV 

RT- 1 1 

MACRO 14182- 12 

00:10:02 

PRGE 12+ 

166 

167 2342 016740 

How 

ONEH+2,-<K0) 

!AT 100 

S/S, T=TICKS*0.01 

051504 




168 2346 016740 

HOW 

ON EH, -<80, ) 



051476 : 





169 2352 ,075020 

170 

FE1UL 

E0 



17 1 2354 000207 

UTS 

PC 




172 


N ITROSEN WASHOUT 


RT-ll MACRO VM02-12 00: 10:02 PAGE 13 


2 0J32356 

3 002362 

4 002370 

5 002376 

6 002404 


012700 WO! 

037112 

012767 

177761 

035336 

016767 

03 1622 

031616 

066767 

031614 

B31610 

004767 

011706 


.TITLE NITROGEN WASHOUT 
MOV #TSTK.R0 

MOV #-I7, WAITT (*.) 


MOV MSDLY. VDEL 
ADD MSDLY, VDEL 
JSR PC.VDELSU 


'.TWICE BECAUSE OF WORDS TO DELAY. NOT BYTES 


7 XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 
JNEED SOME MSSPECIFIC SHIT HERE 

;XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


13 

02410 

052767 
00000 1 
165352 

BIS 

#1.PFAS 

14 

02416 

005067 

031418 

CLR 

TCNT 

15 

02422 

012767 

020006 

015352 

MOV 

*FVDAT. FVADR 

16 

02430 

005067 

031422 

CLR 

Vprev 

1? 

02434 

005067 

031366 

CLR 

VLAST 

18 

02440 

005067 

031416 

CLR 

MAXFN 

19 

02444 

005067 

031404 

CLR 

BRCNT 

20 

02450 

005067 

031406 

CLR 

MAXFN 

£1 

02454 

005067 

931404 

CLR 

MAXFN+2 

22 

02460 

005067 

031374 

CLR 

MAXR'L 

23 





24 

02464 

012767 

177777 

034304 

' MOV 

#-l,SBFLAG 

25 

02472 

Birrs? 

177777 

034274 

MOV 

#-l . SBCLR 

26 

02500 

00506? 

034274 

CLR 

ALTFLG 

27 

02504 

052767 

000081 

035206 

BIS 

4H.DUM1 

28 





29 





30 


. \ 
■-*> 

s ■- ■ 


. I 3 


5-1 NOT YET 0 NOW 



NITROGEN Mf I SHOUT 


ET" 1 I MACRO WM02-12 


1 ; BACKGROUND IDLE ROUTINE 


Z 002512 

026767 

G31504 

031500 

WQMOH : 

CMP 

QUADO. QUASI 

3 0Q2520 

001774 


BEO 

WOMOH 

4 002522 

016700 
83 i 47 4 


MOW 

QUADO, R0 

5 002520 

020827 

036732 


CMP 

EG, SQUABS 1 

6 0G2532 

002402 


BIT 

A-RH33 

7 002534 

0127Q0 

034224 


MOW 

#QUADST, R6 

8 002540 

0 12067 
034212 

ARH33: 

MOW 

(K0)+. NWl' 1 

9 002544 

■012067 

034218 


MOW 

(F0) +< WWN 

10 02550 

012067 

034206 


MOW 

(E0) + . Ml'JH+2 

11 02554 

062780 
080810 
010067 
.03 1436 


ADD 

#10. E0 

12 02560 


MOW 

E8, QUADO 

13 02564 

005767 

034166 


TST 

WWH 

14 02570 

001557 


■BEQ 

E0B1 

15 02572 

005767 

834200 


TST 

SBFLAG 

16 02576 

001041 


BNE 

HOSB 

17 02000 

005767 

034170 

SB: 

TST 

SBCL.R 

18 02604 

801410 


BEQ 

NOCLE 

19 02606 

012767 

000000 

831216 


MOW 

#0. TCHT 

20 02614 

012767 
0^0006 
U 15 160 


MOW 

#FWDAT, FVADB 

21 02622 

22 

23 

24 

25 

26 

005067 

034146 


CLP 

SBCLK 

27 02626 

005267 

015152 

NOCLE: 

INC 

IVCHT 

28 02632 

016788 

015144 


MOW 

FWADE. EG 

29 82636 

016720 

034114 


MOW 

WWW, CE0) + 

30 02642 

016720 

034112 


MOW 

HWN . (E0) + 

31 02646 

016720 

034110 


MOW 

WWH-12. CE0) + 

32 G2652 

026767 

031202 

034076 


CMP 

tlHXWL, WWW 


00: 10:02 FAGE 14 


' SAME=>HO HEW DATA IN 0 BUFFER 


:PNTR OUTSIDE OF CIRCULAR BUFFER 


;SKIP 02 AND C02 


? “ 1 a > BEFORE SBM, 0=0 SBM, 1=> AFTER SBM 






f 


NITROGEN WASHOUT 


RT-il MACRO 14102-12 


00:10:02 PAGE 14+ 


33 

026S0 

100006 


BFL 

SB 1 

34 

02662 

016767 


MOW 

WWW, MAXWL 

35 

02670 

034070 

031170 

016767 


MOW 

FWADR, LOCMXW 

36 

37 

38 

39 
49 

02676 

015186 

031122 

0108^ 

SB1 : 

WOW 

R0, FWADR 

41 

02702 

015100 

005767 

tHOSB: 

TST 

ALTFLG 

42 

02706 

034072 
00 1004 


BHE 

NOSBD 

43 

827 10 

012767 


MOW 

ALTFLG 

44 

02716 

177777 

034062 

000675 


BR 

WOMOH 

45 

46 

02720 

005067 

HOSBB: 

CLR 

AITFLG 

47 

4B 

02724 

034054 
8 16700 


MOW 

WWW, K0 

49 

02730 

034026 

166780 


SUB 

WPEEW, R0 

50 

031122 
02734 016767 


MOW 

WWW, WPREW 

51 

02742 

034016 

831114 

010045 


MOW 

R0, -<TP) 

52 

02744 

004767 


JSR 

PC, IR 

53 

02750 

012702 

016745 


MOW 

SLW+2, -(TP) 

54 

02754 

013712 

016745 


MOW 

SLW,“<TP) 

55 

02780 

013704 

075025 


FMUL 

TP 

56 

02762 

812700 


MOW 

*WKAE,R0 

57 

02766 

037114 

012520 


MOW 

(TP)+, (R0) + 

58 

02770 

012520 


MOW 

(TP)+, (R0) + 

59 

02772 

016720 


MOW 

WSUM, (E0> + 

60 

02776 

031070 

016720 


MOW 

WSUM+2, (R0)+ 

61 

03002 

031066 

012700 


MOW 

#WKAR,R0 

62 

03006 

037114 

075000 


FADD 

R0 


63 

64 3 WSUM = SUI1 OF CALIBRATED CWWW-WPREW) 


65 

03010 

012967 
03 1052 

MOM 

(R0)+, WSUM 

66 

03014 

012067 
03 1050 

MOM 

CR01+, WSUM+2 

G7 

03020 

016740 

MOM 

WWN+2, - (R0) 

'■•cr 





cn 

:N. 




r- 

V' . 






NITROGEN WASHOUT 


RT-11 MACRO WM02-12 


00:10:02 PAGE 14+ 


SB 03024 

033736 

016740 

MOP 

I44N» - (R0) 

69 83030 

033730 

162700 

SUB 

*4, R0 

?f\ 03034 

00000J 

075020 

FMUL 

R0 


71 

72 3 HSUM = WWN*SLW C WWW- WPEEW) + NSUM 

73 

74 03036 016740 MOW NSUM+2, - (R0) 

031832 

75 03042 016740 MOW N5UM,-CR0) 

031024 

76 03046 075000 FADD E0 

77 03050 012067 MOW CR01+, NSUM 

031016 ' 

.78 03054 011067 MOW (R01 , NSUM+2 

. 031014 

79 03060 012708 MOW #WKAR,R0 

037114 

80 03064 016720 MOW WWN, CR0)+ 

033670 

81 03076.016720 MOW WWN+2, CR0) + 

033666 

82 03Q74 016720 MOW MftXFN, CR0> + 

038762 

8303100016720 MOW • MAXFN+2, (R0)+ 

030760 

84 63104 812700 MOW irt'KAE.RO 

037114. 

85 03110 075010 FSUB K8 

86 03112 100004 BFL WARN 

87 03114 814067 MOW - (R01 , MAXFM+2 

030744 

88 03120 014067 MOW -(.RO) , MAXFH 

030736 

89 03124 000167 WARN: JMF WOMON 

177362 

90 

91 

92 

93 

94 

95 . 




7 9 6 


NITROGEN WRSHOUT ST- II MRCEO kM02-12 00:10:02 FRGE 


1 

003 130 

016745 

030722 

E0B1: 

MOk 

kFREk,-(TP) 

2 

003134 

004767 

012762 


JSR 

PC, BTPS 

3 

003140 

012746 
06 1024 


MOk 

#wopbff,-i;sp) 

4 

003144 

012746 

000002 


MOk 

*2,-CSP3 

5 

003150 

012746 

000002 


MO!'* 

#2>-(SP) 

6 

003154 

012502 


MOk 

(TP)+, R2 

7 

003156 

012546 


MOl/' 

<TP)+,~CSP) 

8 

003160 

010246 


MOk 

R2,-(SP) 

9 

003162 

004767 

012004 


JSR 

PC, FFMT 

10 

031 66 

012746 
06 1035 


MOk 

#WONBFR,-<SP) 

11 

03172 

012746 

000004 


MOk' 

#4, -CSP) 

12 

03176 

012746 
00000 1 


MOk 

#1,-(SP) 

13 

03202 

016746 

030656 


MOk 

MAXFN+2, - (SP) 

14 

03206 

016746 

030650 


MOk 

MAXFN, -(SP) 

15 

03212 

004767 

011754 


JSR 

PC, FFMT 

16 

03216 



PRTBUF 

WOPBFR, 1 


03216 

004567 

013334 


JSR 

R5, BUFLOD 


03222 

061024 


140PBFR 



03224 

000001 


1 



03226 

012700 

037200 


MOk 

♦BUFFER, R0 


03232 

004767 

011602 


JSR 

PC, LPTGO 

17 

03236 

005067 

030614 


CLR 

kPREk 

18 

03242 

005767 

033530 


TST 

SBFLAG 

19 

03246 

180455 


BMI 

MFIBST 

28 

03250 

001002 


BNE 

NOREOB 

21 

03252 

005267 

033520 


INC 

SBFLAG 

22 






23 



; NORMAL 

END OF 

BREATH 

2.4 






25 

03256 

012700 

037114 

NOKEOB: 

MOk 

#WKAR. R0 

26 

03262 

012720 

037514 


MOk 

#37514, (R0)+ 

27 

03266 

012720 

146315 


MOk 

#146315, CR0)+ 

28 

03272 

03276 

016720 

030570 


MOk 

kSUM, (R0i> + 

29 

016720 


MOk 

kSUM+2, (R0) + 

s 


030566 

\ 

V 



1 

>1 

t 

*Vj.. ^ 

\ 





tllTRUGEN HHSHOUT RT- 1 1 MACRO 1-4102- 12 00:10:02 PAGE 15+ 


30 03302 812700 MOW #WKflR> R0 

037114 

31 63306 075010 FSUB EG 

32 03310 012067 -MOW (R0> +» WSUM 

030552 

33 03314 012067 MW 1R0)+, WSb‘M+2 

G30650 

34 03320 016, 40 MOW MAXFN+2, - (R0) 

030540 

35 03324 016740 MOW i'lAXFN, -<E0) 

030532 

36 -.3% NITROGEN LEWEL FOE WEST'S MASS SPEC 

37 03330 0 16740 MOW D . 03+2, - (R0) 

013432 

38 03334 016740 MO/ 5.03, 

013424 

39 03340 075010 FSUB E.0 

40 03342 100007 BPL WAEOWE 

41 03344 005767 TST SBCLE ! BELOW 3% 

033424 


K. 

V 


r- 

c- 



NITROGEN WASHOUT ST-11 MACRO VM02-12 00:10:02 PAGE 16 

1 :XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


2 


: MINUS 0.2 



3 003350 

001401 

BEQ 

NOTVET 

; BOTTOM 

4 003352 

000443 

BR 

BuT 


5 003354 005267: HOT VET: INC 

SBCLR 


6 003368 

7 

.033414 

000402 

BR 

LVEW 


3 

9 003362 

005067 i*IABOVE: CLR 

SBCLR 



033406 




10 03366 

005007 

LVEW: CLR 

MAXFN 


11 03372- 

030478 

005067 

030466 

CLR 

MhXFN+2 


12 03376 

000167 

177110 

•JMP 

WOMOH 


13 

14 

15 

16 

17 

18 

19 

20 

21 03402 

005067 

030460 

WFIRST: CLR 

VSUM 


.22 03406 

005067 

030456 

CLR 

VSUM+2 


23 03412 

005067 

.814366 

CLR 

FVCNT 


24 03416 

005067 

030450 

CLR 

NSUM 


25 03422' 

.005067 

030446 

CLR 

NSUM+2 


26 03426 

005267 

033344 

INC 

SBFLflG 


•27 03432 

016767 

MOV 

MAXFN. OUTAR+20 


030424 

030456 




23 03440 

016767 

030420 

830452 

MOV 

MAXFN+2/ 

OUTAR+22 

29 03446 

005067 

030410 

CLR 

MAXFN 


30 03452 

005067 

830406 

CLR 

MAXFN+2 


31 0345G 

800167 

177030 

JMP 

WOMON 


32 83462. 

042767 
00000 1 
034230 

EOT: BIC 

#i . DUM1 

- 


CO l' '* 
cn . 


til I Irv 


L 


RT-11 MACRO 14102-12 


00: 1B:S2 PAGE 17 


N ) TUOi-' 'H I V.KHOUT 


1 FAHfiLVZE SINGLE DEEATH WAVErOKH 

S -0I27L15 PK c .l i: WV *TSTK, TP -5 BE IN IT USER STACK 

0 .. ’ (■- 

3 033474 B1G745 MOl? MAXI7L/-CTP) 

: 030366 

4003500004767 JSS PC. IE 

O i 4 146 


6 00.554 

014/0 : 

n r 7 ;1 | j-f 

IW 

#0UTRE+24, R4 

7 0055 1 0 

ri £?(& 
05/114 

NO/' 

4HJKRM ELI 

B 003' : 14 

iii iviO: 1 s 

mv 

m . h i 

9 Of’5::.ii0 

h 1 115 

110! 7 

CTP) , CR0)+ 

10 0 'll 

Uu4M 4 f 

mu' 

2 C TP), CEB)* 

11 05544 

1 l ) GV'cd 
0 . '/l+f • 


SLI CR05 + 

12 O-I-.JO 

b ‘ j\ 0:1 
013132 

. mu' 

SLO+2, k E0) + 

13 03534 

075021 

rMUL 

El 

14 03536 

036/20 

l i 1 V '-i Ll L " 

\\QV 

1BTFSF, CE0> + 

15 055-::::, 

:HC 7:0 
0 1 

MOM 

BTF3F+2, CP0)+ 

16 05540 

075021 

■FMUL. 

El 


17 0:- -J Oi2i2-i MOP' CE ) ■+,. CK4'i + 

16 0- 552 0;P|?4 MCI' CR11+. CR4M- :I/ITAL CAPACITY 

15 M.OCHTE MOL--TN2 PAILS CORRESPONDING TO -35 * VC AND 

£0 :6.G5 *-P*C. STORE AS W2 DELTA OE SLOPE OF ALVEOLAE PLATEAU 

21 05551 5 12700 MOP' #WKAR,R0 • 

037114 

22 0S560 UiQOOJ MOP’ E0- E l 

23 OSOr p B ! ?520 MOP’ CTP) +, (R0) + 

24 a;.: •.-•-!• Hi.-' ":.l MOP' CTP.)-}-. CE0) + 

25 P.k/, 6 GisrTCi MOP' D.35- CEQ:> + 

015156 

25 C'5,72' 0 15726 MOM D . 35+2, CEO) + 

013104 

27 03576 • 075021 FMUL El 

28 05603 012104 MOP 1 CR1)+,R4 

29 63602 ' 0 ! 2 1 45 MOM C P, 1 ) +, - C TP's 

30 55004 0i.j445 MOM E4. -CTP) 

31 OL'Oo; U04? T JSR PC,EI 


32 63312 012564 
35 

MOM 

CTP) +. E4 

3‘i 05G 1401 12700 

mv 

ttWKAE .. R0 

• 057114 

35 03 -OH C:r,?4i 

i-ioM 

D. 45+2, -CEL 

V • 3002 

36 »«: ,!•! 0 05741 

' • . " ’ A 

iw 

D,G5, -CEl.i 

37 fi/OMii s. 75020.- 

FMUL 

E0 

3:b 0 477 7! Ij • 4i 71 5 

MOO 

CEEO+, E3 

39 0:. C? 014045 

MQr. 1 

CE0) +t - CTP) 

40 4L..cj%j 6 1 1 U'i^45 

MOM 

B3,- : iTP) 





— ’ 

S'." 


1 -m ;*■■■" 

. f ' : : ,/.:T 

N ITBOGfeiji 

WASHOUT: 

ET-11 

MACRO 7M02t 12 

1 ' ■ 


; COMPUTE DELTA 

VOLUME 

2 683734 

004767,:: 

012134 


JSR : 

. PC/CLESUfl 

3 00374® 

0 16703: 


MO!-* 

PELO, R3 


033206.: 




: 3 000744 

312345 

MOSUMt 

: N017 

^;CTP) 

6 803746: 

004767 

012150 


JSE 

•pC.BTPS 


012.304. 


MOV 

CS3)-!-,R4 

8 003734 

812345: 


• MOV - 

CESj+.-JkTPj 

8 003756.: 

8 10445 


M07 

E4.-CTP) • 

: 10 03760:' 

004767 : 
0 1 2404 


JSE 

:PC,SUMM 

IT 03764 020367: 


CMP 

S3. PEN I 


833164: 


!' : .. : 


12 03770 

00.S7S5 


BLT 

HOSUM 

13 03772: 

004767: 
012 156 T 


JSE 

PC. LSQ 

14 &3TM 

A i 0500 


'.1107’ 

TP.E0 

15 04000.. 

812783 

034126 



#OUTAR+30.j E3 

is m®m 

0 12023 ; 


1107 

CE03 t, (E3>+ 

17 04006 

012023: 


1107 

CR0)+. (R3J + 

IS 840 10 

01.2023.;: 


MOV 

CR0) +/ CE3>+ 

•18 04012 
20 

012023 


M07 .. 

XE01+. CE3)+ 

21 34814 

816745 

050832 


,1107; 

OHEH+2 , -(TP) 

22 04020 

0I67T45 i 


MOV 

ONEH. - (TP) '■ 


R50024: 




23 04024 

24 

075025. 


FMUL ' 

TP 

25 04026 

0 1.2523 : 


M07 

CTP)+. (E3)+ 

26 04O3E 

012523 


MOV 

CTP) t. (E3)+ 

27 


3 CONFUTE CLOS INS VOLUME 

28 04032 

0 12703 
634126 


: mov ; ; 

fOUTAE+30. S3 

29 04036; 

016704 

027756: 


no7 

L0CMX7, R4 

38 .04042 

162704 

008804 


SUB 

#4, R4 . , 

31 

32 04046: 

014443 

lil02:l v 

: mov 

-CE4) . -CTP) 

- 33 04050: 

084767 


JSE 

PC* BITS ' . 

' '7:34 04054 

U i 

012700: 

037114 



itjWKAE. R0 ; 

,35 04860 

810001: 


1107 

R0.R1 

36 04062 

012520: 


tl07 

; (TP)+. (R0J+ 

37 04884 012528 


■W07 

(TP)+, (E0)+ 

38 




39 04066 

012320 


•MOV 

(R3)+, CR0H- 

40 84070 

012320. 


MOV 


41 04072 

075021 


FI1UL 

R1 

42 04074 

012320 


M07 

(R3)+. (R0:> + 

43 04076 

012,320 


1107 

(R3)+. <R0>+ 


'o 


J, . I--; « 

00:10102 PAGE 18 


370L-X. FN2=Y 


1 STORE N2 DELTA 


■sADBR+H WITHIN F7DAT OF MAX7L 



■PULL IN SLOPE 
; PULL I N V- 1 NT 



NITROGEN WASHOUT 

RT-11 

MACRO 14102- 1 2 

00:10:02 PAGE 

44 04100 075001 

FADD 

■ El 

J0(R1),2 : <R1) 

45 04102 062704 

#DD 

#2, R4 


. : 000002 : 




46 04106 012420 

1MOV 

:(R4>+, (R0i)Hh 

JNEXT FN2 

47 04110 012420 

MOV 

CR4H. CR0-H- 


48 04112 012703: : 

MOW 

#OUTAR+30, R3 


034126 A; 




49 04116 075011 

FSUB 

'• R1 ' : 

50(R1) . 2 CR1) 

50 04120 100403 

BMI ; 

M022 



51 :: , ^CORRECT 1 (R4> TO POINT TO NEXT VOLUME 

52 0412<? ! 162704: SUB #12. R4 

000012 • 

53 04V2& , 000747 BR : : 

54 TFOUND FHSA<FN2Cv LET CLOSING VOLUME 

55 :;TH IS VOLUME SHOULD STILL - BE iN WKAE+4 


56 

04130 012700 
037114 

W022! nMPV 

«#iAR; R0 


57 

04134 014360 
000006 

MOV 

y<R3J>6(R0) ; ; 


58 

04140: 014360 
000004 

MOV 

iKjCRSU 4*R0) 

56ET VITAL CAPAC LTV 

59 

04144 075010 

FSUB 

:R0 '..'V 

IVC-VOLUME " 

■60 

04146 012067 
027770 

MOV 

: (R0) +. OUiJftR+44 

f ■ -'s£ '' r "'i ' ■■■■ yv. . •• . vV • 

61 

04152: 012067 
'027766 

; #V ' 

CR0) +, OUTAR+46 

.V?. #,J j j; 

62 


J CALCULATE RESIDUAL VOLUME 


63 

04156 012708 
037114 

WO60: MOV 

#WKAR.R0 


64 

04162 012784 
034146 

MOV 

*OUTAR+50.R4 

f-t : - :■ ■;; ■ : /: V.: i%:- ■ 1 : y . ■ ■■'■ v\; . } 

:65 

04166 01000T 

Mov 

B0, El 

' .. -■ : : ■; " : ; ■’ ' - ‘ ' r-’.' . '■ . ; ■ ' ■' ’■ • . : ■' 

66 


i COMPUTE TIME 

IN MINUTES 


67 

04170 016745' 
027636 

MOV 

TCHT, -(TP) 


68 

04174 004767 
: 011452. 

v!— tSR 

. per ir ' 

'• • ^ . • :■ • * ■ - ■ ■ • _ . ■ M,. • * ■ • ' 

69 

04200 016720 
012510 

: ;M0V 

D3000 CR0)+ 


70 

04204 016720 
.612506 

:MpV 

D3000+2. (R0)+ 

'-‘.V _ ‘ .■>* 

71 

04210 012520 

::MOV 

MOV 

( TP ) +i (R0) + 

: • v /" ‘ ! . : ■ ■ : ■ -'v ' 5 

72 

84212 012520 

(tP)-f, (R0) + 

.'■V. .. - • ■: ' • •••:• .. ' : '■ ■ : j 

73 

042 14 075031 

FD IV 

R1 

;T=NO. OF IMTEEEUPTSX6000 

74 

04216 016720 
• .012476 

MOV 

IIWOBLD, CR0H- 

v' ■: ' ■:{." :" : 7 : .-V;- . .. 

75 

04222 016720 
012474 

MOV 

MWOBLD+2, CR0) + 

; CONSTANT 0.6312 

76 

04226 075021 

FMUL 

HI 

! 0 (Rll , 2 (R 1) =T( IN MIM. 1T0. 0312 

77 

04230 016720 
027636 

:: mov 

NSUM. CR0) T 


78 

04234 016720 
027634 

.4' #v 

NSUM+2, (R0) + 

’• "* : ‘ ■ . !’ . • , ; : • . ’ * * ! • • . • . / 1 ; 

79 

04240: 0750 1 1 

FSUB 

■Ed ':■:■■ 

’ : ’• ! : • • . . . .. • ■ : : ’• • . : :: : • j 

80 

04242 062701, 
000004 

ADD 

#4) R 1 

■J.GOMPUTE' RV DENOhtV ■; 

ai 

04246: 016720 

■ :0k i 

MAXFN, IR0>+ 

iGET FN2< FINAL) | 







NITROGEN WASHOUT 


1 02761 0 : : :i 
,82 04252 (316/20 
kk-k . v" .1327606 

85 04256 016720 k 

'• : k 027634 ' 

84 04262 016720 
027632 
: 85 04266b 0750T1 

86 04270 012704 

'I', vl; 1034146 1 

"- 87 04274 012700 

k'k; ,kk 037124 
. 88 04300 010002 
88 04382 012 112 

90 04304 012162 

000002 

9 1 043 10 075030 . 

92 043:121® 16740 
Vis:;' I® 12454 
k&3 O4316V016740 

012446 

94 04322 075028 

95 04324 016740 

V,k- 012346 ' 

96 04330. 01 0740 : 

's ; :v b 012348 k 

97 04334 .0750 10 
SO 84336 010002 

99 04340.012024 : : 

100 434201 2824 
191 4344: 016720 1 

027516 

102 4350:0 16720 1 

bbk v.i: . 827514 

1 103 4354 075832 - 

104 4356 .01 67 42 . 
?tr. k; . 012410 

105 4362 0 16742 

>'• >012482 V 

106 4366 075022 
187 4370i 012224 

108 4372 012224 1 

109 4374 0CDEO7 


RTrll MACRO 171-102412 00:10:02 PAGE 18+ 



MQI7 1 
M0J7 
M017 
FSUB 

mv 

mw 
wok . 

MOk 

MOk 

FID 117 
MOk 

Mbk 

FHUL 

my 

>pk 

FSUB 
rtoi7 
1-1017 . 
11017 : 
MOk 

MOk 

F©ik 

MOk 

MOk 

FMUL 

MOk 

MOk 

RTS 


tlifikFN+2, (R0) + kbk; k;. 

^XRR+20^ 4: v ; W v k 

O0T8R+22, (TR0) + ; :i; .Ik •; 1; ’ ?;•/ 

R'l JFN2UHITJ - FN2CFINAL) 

#OUTAR+504R4 

*WKfiH+10> : R0 

P.0) R2 

CR1>+, CRE>k 1 kk .k k >' '■ 

(Rl)+ ;2(R2i 

R01 ■) ' I RES I DUAL VOLUME ' >i 

btpsf+ 2) -tie) kk ; . : k ; \k 

BTtlFSF, 

R0 . • k • •• . .. 

B0 t 2+2)-(R0) : ESTIMATE FOR ANATOM. DEAD SPACE 

D0.2.-CR0xV._. - ■ - 

R01 ■ • b'bk k kb . •" ' ki V- v " ' 

R01R2 ■ k.vk kk\ V kk. kb' ■ kk ■ k r; :k 

■;R0H) (R41+ : 

(R0)+, (R4)+ 

k$UM. <R0>+ : k k ; -..k' : ■ kk.kkk .kk ik b,:': 

17SUM+2) (R01+ i /V k' ,kki - 

R2 ; COMPUTE kfi/Rl7 

0TPSF+2, -4R2) ‘ k; k-' 

BTPSF,)>(R2); ' 'kik 

CR2) +1 (R4)i+. k > •' : ;k k 

CR2>+, (R4) + 

PC; kk. :yk, .k :k -k; • k- -k k k'k-: ,k" 


%% 

%% 


& V : 

k ri -<- 

-Qi A : 

.Q. -k 

tlv 




ihitTROGEN WASHOUT 




1 ' i CALLED FROM RPT 

2 j! 5 COMPUTE PERCENTAGES/ ASSUMES FVC AND WO HAVE BEEN PERFORMED 

3 004376: 012702 W035: "MOW #OUTAR+50, R2 

: ; :• 034146' v .¥:j- 

4 004402 012703 MOW 4OUTAR+60, R3 

034156 ' ■ 

V-'5 004406 012704 ! MOV 40UTAE, F:4 -A:A . A 

'VA 034076 i; - '■'• : ‘ : A,:. -A :A; : - ■ 

6 0044 i 2: 012700 MOV #WKAR/ R0 

A'AA .‘A’' ' !AA 037114 v : ■ ■ A : V- 

; 7 004410!: 010001 MOV R0/R1 

8.004420. 012460; MOV .Atfe4)+/ 4CE0) ;i JFEVl 

; 000004 ! --A .a -A;,.. ' A : : .' ■ -va A . Ar-.-:A ■ 

3 004424 O12460 AMCV A SR4)+/ 6 tR0) '' 

?A : v 008006 

10 04430 012410 MOV (R4)+/ (R0) jFVC 

11 04432 012460 A MOV (R41+/2CR0) 

J : v, 000002: a A; . ; : :V .. 'A.. 

12 04436 075030 FDIV R0 rFEVl/FVC 

1304440012023 MOV (R0)+, (R3)+ 

14 04442 012023 MOV (R01+, CR3>+- V 

15 04444 016140 MOV 2(RlO,-(R0) ;MOVE FVC INTO DENOMINATOR 

• : 000002 •; 

•16 04450 016140 MOV 0(R1),-(R0) 

Si%T 4. . 000000 1 ■ • a i ..A,, 

17 04454 012704 |: :MOV #0UTAR/R4 ' : 

034076 'A. A; A 'A*;: ti; 

18 04460 016440 MOV 26CK4), -(R0> JVC 

000826 Av; A : '■ ' A:’ ; ' : -r:A v . A;- ' 7 4 "' AA 

... 19 04464 016440 MOV 24CR41/-CR0) 

7y , .' .000024 , . . • ' \ •• •. A' ' 'A': .. 

20 04470 075030 '.FDIV R0 

21 04472.012023 MOV CROHr, CR31+ ; STORE FVC/VC 

22 04474 012023 MOV CR0)+/ <R3) + 

23 04476 014240. : : MOV : W(R2) , ^(R01 ;CV ' : 

24 04500 014240 : . - MOV : '^(R2) / -CR0) 

.25 04502 075031:.; FDIV Rl JCI-WC 

26 04504- 012123 MOV CRD+, (R3) + 

; : 27 04506. 012123 MOV CR1)+, (R3) + 

• : :28 •. Ax * Vv ' ■ -A.! A- '■ 

• : >29 04510 012700 MOV 4WKAR+4, E0 

'A;. :.- 037120 V ■ •£■ ■ ’ 

:S0 04514 010001 :MOV R0,R1 

31 04516 012220 MOV (R2) K (R0) + 

32 04520 012220 A : M0V CR2)+, (R0) + 

A,. 33 0 4522A 012220 -'MOV (R2)+, CR0) + 

34 04524 012220 • MOV CR2)+, (R0)+ : . A • ' 

35 04526 075001 FftDD ART ; CV-I-RV 

:-36 • : . I •• ." X. . ; . . i*. . .x"A ■.'■■■■ 

37 04530 012700 MOV 1H-IKAF-/ R0 

037114 A- • T:v A. . V-: A: ' 

: 38 04534; 8 16720 A MOV 0UTAR+24/ (R0)+ ;VC 

A : 027362 ' 

. 39 0454SA 01-6720 MOV O.UTAR+26v (R0)+ ' 

■ A:: • : A; 827360 ; AA 

40 04544.014260 MOV -CR21/2CR0) 

: 000002 •> A|'A x-' : : A, ; AA. --v 


-4-A 

■o; 

00 















w-n macro wiag-12 


41 



MOV 

-CR2). <E0) 

s»a- 

B ALO?: 7 '2*01:1: 


MOV 

• itpWKAR, R0"; ; 


.. • i ,«i f 1 14 



43 

;04s5Sv O75000- 


BAUD 

R0 

: 44 

O^ir-ISOTiil T0S3.: 


MOV 

(K0) .. fR3) 4- 

.45 

• ; Q^62::'016O23; 

■1.1 ii ;l 1^ 


;t10V 

: 2(R0), CR3)-f- 

46 

i- i_ 

U4OG»i:. : UV5!TN0 : 


JFP1V 

.KFl 

4? 

0^S?'j: ; T 3. 


MOV 

<P034,:(R3H- 

48 

OL2023:; 


MOV 

:i;R0)+/CR3) + 

•43: 

04574(0 12703 

•tgo b0ck.: fm 

MULTIPLY BV 100 



HuV 

7ftOUTAR+60> R3 

' 

034:156: 



■ : ! " ' ' :"'• -A "! = -•' 

51 

:046OOi;::0, 12764 


Mov 

43, E:4 


:;.vrGO0O03: i 


v : ■ ]':; 


: ;Vlr T 

j 53 



MOV 

(M^AS/RS : 


H '037114 


-TV .•■::- ; 


54 


•Mov 

pusi 

55 

04612 Bib 720 


/MOV 

OliEH, CROp i 


• ;i:'047232 




56 

8 -16 16 016720:' 
(547230 

■fi 

MOV 

ojlEH+2 , (:R0 ) + 

:;57 

:O465.:4i(!!fe,20( 

•t -03G’ 

: -Mov 

(S3 ) , C R0 D .'+ 

;5B 

04604 :E)1633U- 


::M0V . 

.SIRT, UjOJlH- 


. 4 000002 




•59- 

646304.75021: 


E'MIJL 

El :■■ •■"••■ 


O-iGSPl:; 14 2123: 


MOV 

::CRn.+7C233 + 

:G1 

L let 122 


iriov : 

: (Rl>-K I.R3M- 

•82 

04636 012701 


MOV 

..HKftR-Rl 


037114 


': : j- . - V 


= 63 

04642 010100 


MOV 

Rl.RB 

64 Q4644;06£?00: 


ADD 

#4. R0 


•:T0f.OOO4 




85 

646505: 077-4 14 


SOB. 

E4» 14036 

; G6 


/ SKIP 

0 m FLOAT WORD 111 OUTAI 

:$?• 

0400i2 : :2O2?03', 


ADD 

*4, R3 


• -■ BLJ0U4 





046^6:0 \ 1320" 


'Mov 

(OPS), (R0V)4 

;S9 

d46-.:S( oissaa 

•;;;V 

•MOV 

; : 2(R3). (R0>K 


! : : 000002. 


TO 

■046645 07:302 L: 


FMLIL 

•■ ri v.' .■>;•. 

n 

04666' 012123: 

; . ! O.v. 

MOV 

CEH+, (R3) + 


04670 : 01 2? 73' 


MOV 

: CRl)+, ( J?3 j + 

■n 




:?4 


:>D0HE 

VEAH 

l!r:M!! 

:t5 






76 

77 

7b 

00 

81 

82 


8467 ?: 000207 : 


TO BE OOHflMIJED: 
RTS PC 


005 10:02 PAGE 19+ 
ilSV 

LTLC=RV+V0 
1 CRV+CV) tTLC 


’LOOP 3 TIMES AND COMPUTE: 
jWU'n y’tVCX 

fvcA' i c % - 

'.?•'; CVAK y. 




4k 02 rv) r+ 


fVD ISR: : BT- 1 1 MACRO KMSSft 12 00:10:02 FfiGE 30 

' «TITLB , ft/'D . ISR /.ft'; 

004674' 818246' AD ISR: MOW R2,-ftSP>ft 

004676 032767 BIT *1,DUM1 

ftft 000081ft:. ft- 

ft-ft ft : 0330 14 ' ; 'ft •• • 'ft 

:'S 004704 001.476 • BEG LWR 

:Q6 004700 010702 • MOP' DRRO. E2 ft .5 SEE WHAT: WE ARE DOING : 

. '[£}3'Q£>0 : •' 

ft? 004712 032702,' ' ..BIT ; *2R0,R2 : 'ft' 

008200 

B 084716: 001444 ‘ ■ BEG : jPWCINT /' 

: :9 0f3472t 032782- BIT #48, R2 ; WASHOUT?? 'ft'.: 

ft 1 !' ft 000040 ftft~' v: : ft' .'ft.'ft -"ft- ftft- -ft ■ ft.- ft'- : ft • ft." 

10 04724 00 1405 BEG WQINT 5 YEP 

1 1 04726 832767, BIT . *100, MBO ftPBF, PTC 

.ft •: 000100: ftft-.-ft:-: ■ 'ftft.'. ::ft ,ft '.ftft.. 'ft, ft: ' ftft ftftft; i: - 1 ft" ft— 

ft. • . ft. -ft 163026'ft ./ftft -ft"" V 

12 04734 001540’ BEQ PBFINT 'YEP ft, 

13 04736 000461 BE INTRTN ft; NO SOMETHING FOULED UP 

ft 14' • . • - . ■ ; ■ . 'ft ■ - 

15 04740 005767 WO HIT: TST CLKFLG -•ftft;’-.'- rft 

827236 

IS 04744 001403' BEG GOGOGO :; :fti. ft ; ' :; ft 

17 04746 065067; CI.R CLKFLG 

... V. 027230:. ' 

IB 04752 003453: HR INTRTM 

19 ft— iftv ' ' ft/ft 

■ 20 047S;4 065 167 ' GOGOGO:: GOM GLKFLG 
•• 027222: ft ' 

ft 21 04760 Q32702 BIT *40, P.2 

ft- ft-ft .ftft 080040ft ft* • ftft. .ft : ft' :-ft: V:ft, . ft::. ■ ftft-ft ft ft' -ft- .ft: 'ft' 

22 04764 004767-: ft USE PC, GETGBS 

ft ftft :- ! ft 006214: ' ••• ftft ftft- ■'!> . -ft ■ /ft— .-ft. ftft'. ■'■ft'.'''.;ft : 'V' 'ft ; ftf 

-ft 23 04776 016767 : : ft WOW 1 TRGR, ADSR 

: . ft : 033272; 

: ft ftft: 171772 

.24 0477:6 03276? :.GS IN: BIT #200, ADSR 

•ftft ftft.ft 0B0200 . ft. -'..'ftft ■ ...;ft' '"ft. ftft "..ft':;. 

; ft;: 171764: ■■■■• ftft ft- ft': . ftft ' -..ft -.ft'. ...ft- 

25 05804 ‘801774 BEG GSIN 

ft 26 05006 016702; MOW AD IN, R2 

17 1760 

27 05012 004767- • USE ; , PC, SPIRO 


28 

05016 

007136- 

004767 

: as*: 

: PC, DELAY 

29 

05022 

007374 

005267:: 

■ me 

ft TCNT 

30 

05026 

027004; : 
000425:: 


INTETTI : 


31 

32 

33 

34 

35 

36 

37 




f~ •4i“» f" — *" - t 1 !' P t I 1 


ft-O I SB KT-11 MRCFO t-’M02- IS 00:10:02 PAGE 20+- 


,39 Q5U30 016767 FI'CIMT: Hup' TRGE.flDSI? 
033232 

It 1 i o4 : 

4U 


4 J 

05836 

83276? FIVC INI: 
000200: 
iy i y- » 1 

BIT 

*200, ftDSR 

42 

=05044 

( f L t 

071774 : 

BEQ 

FVCIUi 

43 

85046 

0 167Gr_ 
171720 • 

mov 

ftlilN.RE 

44 

05052 

U04767 
007076 v 

JSR 

PC, SPIRO 

45 

05r’i5|C# 

005702 

TST 

P,£ 

4k * 

05060 

00 1401 

BEQ 

HAHNS 

47 

05002 : 

010221 : : 

Mov 

: R2, (R 13+ 

48 

05004 

005200 : 

INC 

R8 

48 

•0bl:SCI6 : 

□52767 FI7CI.H2 : 
000001 
012784- 

BIT 

: *1, EOS 

5.0 

05074 

001402 :: 

BEQ 

INTRTN 

51 

05076 

00.2703 

.000081 

BIS 

: *1,1:3 


52 

: 53 ‘ =• ' 

54 05102 LIT: : 

55 05102 005367 INTETN: DEC TTVCNT ' 

. 032064 ,: ; 

: ;5G 05106005767 TST TTVCNT 

• 032060 : 

■5? 05 3 12,001044: RNE LI’S 1 

58 

59 05114 012767 : MOV #16.. TTVCNT 4 TIME TO OUTPUT ft 

900016 
-I . : : 1132050 

. ,05 122 03276? ; .' BIT #20S, XCSR 

: 000200 

v IV 2 43 4 : : 

•61 05130,081435 BEQ XLVR 1 

:62 05 132 itiSVVT : TSTB / 0TTVGO 


,032032 


63 

05176 

■003406 


•BLK 

TTVEOL : ; 

; jp4 

051-1 4 

11776? 

034U24 

172420 


MOkB 

0Ti:VG6, KB UP 

'65 

05146 

005267 

032016: 

TTL : 

INC 

TTYGO 

:se 

05152 

006424 


bp. :■ 

um 

67 

05154 

002423 

iTTYEOL: 

BIT 

LVS 1 MINUS 1 

$8- 

05156 

. 122767 

800012 
ft » ’ 3 |U! h v rv * 


' CMP-B 

^.12, KEUF 1 

69 

05 164 

iPlOU 

8G1407 


BEQ 

LkP2. 

78 

05166 

112767 

000012 

172372 


■ iWB; 

4M2VKBUF. 

71 

05174 

012767 


MOP 

#12, XBUF1 





A/D ISK ; RT-M MACRO 1/1*102-12 00 : 10 :02 PAGE 20+ 


000012 : 

OtsaS 12 

72 05202 000410 v BR LPR1 

73 05204- 112767 tVR2: :MQPB 415/XBUF 

000015 ■ 

172354 • 

74 05212 012767 MOP *15,XBUF1 

000015 

063474 

75 05220 805267 INC TTYGO 

03 1744 

76 05224 042767 LPR1: B1C *100000/ DEBS 

100000 

162526 

7705232012602 MOP CSP)+,K2 

78 05234 000002 RTI 

73 



CLOCK "BF HERA ICE 


RT-^.l t MACRO WM02-1?. 00: 10:02 .PAGE 21 • 


3 005236 

4 005242 

5 005244 


6 905252 

7 085256 

8 805260 


005367 

032530 

001317 

012767 

000004 

032520 

005:267 

052550 

001002 

005267 

052544 


PBFItlT: 


.TITLE 

DEC 


CLOCK PBF SERWICE 

PINTCT 

IMTRTN 

#4, P IHTCT :OHLV FALLS THROUGH El-'ERV FOURTH TIME 


AKNCTW 
T I M2 


:A DOUBLE WORD FOE NUMBER OF 40 MSEC INTERRUPTS 


10 

05.264 

004767 

005714 

8BNC%M: JSR 

PC. 6ETGAS 

: SAMPLE 6SES 

11 

12 

05270 

016767 

032772 

171472 

; H&y • 

TRGE .• fiDSR 

5 SAMPLE WOLUME 

13 

05276 

032787 

000200 

171:464 

PBf/: BIT 

#200, 6 BSE 

; DOME? 

14 

05704 

081774 

BEQ : 

prw ■: 


) 

U5306 

016702 

17146B 

. HQ(7 

■v fi5.TMf.E2 


16 

05712 

804767 

006636 

JSE 

. .. PC., SPfR.O 


; , 17 

855516 

004767 

007074 

. JSB 

. PC, DELAV 

: ADD PHASED WOLUME. TO QUEUE 

;• m - . . : : m m as ! • v: ■ . 

19 

05322 

00536? 

032418 

DEC 

BPCHT 

• 5 TUl iU TRIGGER IT? 

= : 28 

05326 

001008 

BNE 

NOBP 1 


21 

05330 

052767 

000002 

162432 

: BIS 

#2/ DPAS 

‘.VES :-;s. 

22 

85336 

01 278,7 : 
002734 
032372 

WMOW , 

*1500 . - BPCNT 

: RESET COUNTER TO 1 MINUTE 

; . -v. 

; : ZI4 

05344 

>'105367 

052441 

WOBP: DEC 

SEC5CT 

-.5 SECONDS ELAPSED? 

'£5: 

55358 

001064 

BNE 

H05 


26 

05353 

142767: 

000002 

162410 

BIC 

:^2i DRA3 



: 85360- 

01276? 

001175: 

052422 

• MOW r 



; :28 

05366. 

016777 

853346 

052420 

MOW 

PTHRCT, 8 : t-SWP 


•29 

05374 

062767 

ADD 


4 : . . • • . 



000002 

052412 


- 


: ;;se 

Oft ■ 

85402: 

,005067 

C.LR 

, PTHECT ■ 



gg 

ec 






pLOCK PBF SERVICE RT-il MACRO W02-12 00:10:02 PAGE 21 + 


'1060106 :• 

99 05722 012703 mV #20 . - R3 

000024 k£ 

.100 ■. V'^ 

10 1 5726. 01 1021 £NPW: mV CR0) i CPI If 

102 5f 30 005020 CLR CR01 + 

10.3 5732 077303 SOB R3, ENPRMI-' 

104 5734 016767 MOP' TIMl , PRTIM1 

052066 

052140 

105 5743 016767 MOP* TIH2.PRTIM2 

052062 

•052134 

106 5750 004767 JSR PC, PROFTC 

f-. '002172 

: 107 5754 0 12767 MOX #77 - PETFLG 

000077 
: .1032006 : 

108 5762 "01260 1 P MOM' CSP)+, R1 

109 5764 0 12600 : MOX (SP)+, R0 

110 5766-000167 ihTRtX: JMP IMTRTN 

177110 





ROOM RID 


E.T- 1 1 MACRO VMB2-12 

..Title room air v 


00:10:03 PAGE 22 


m - 

5 


; SUBROUTINE ROOM; - SAMPLE. 

.5 . ■. •- •• 

7 R 05777 

040046 

ROOM: 

MO! • 

R 01 -CSF) . - 

A 005774 

01014 C 


MOM 

R 1 WSF) ■ 

9 005776 

010246 


MOM 


10 06000 

018346 


MOM 

RSWSF) ■ . 

,11 06002 

010446 


MOV ; 

M> -<SPJ ■ 

la -■ ' . 

13 06004 

004767 


•TSR 

FC.i GETGflS: . ■ 

114 V 
15 ^ 

005 174 

rCMECK 

FG 2 AMD 

FC 02 :• 

16 060 10 

012700 


MOV 

iHt&lRy R 0 ;■=;> 

1:7 06014 : 

037114 

8:12702 


MOV , 

* : 02 /R 2 ■ 

18 06820 

837666 

810001 


MOV ! ■■■' 

R 6 , R 1 

}?> 06022 

016721 


MOV 

TtAS/mrf: 

20 06026 

410726 
0 1 072 1 


MOV 

D,;i. 9 yCRi) 4 : ; 

21 0603 ? 

010722 
01222 ) 

■ 

MOV 

(®S)+y*E 1 >+ 

22 06034 

012221 


MOV 

tun* 

23 06036 

075010 


FS 0 B . ! 

RHi: 

24 06040 

10 U 46 I 


BMI . 

: EAR AD 


25 

26 0604£ 


012780 
037 H 4 


: GET D1.9 


;0(S0).2(P.eO-FO2-0. 19 


4MKAE.E0 


36 

37 06074 

38 06 1G8 
3 C * 06104 

40 

41 06110 

42 06112 
.43 06114 

44 06120 


012700 
037 666 
0 12701 
037704 
012702 
088006 

012021 

077202 

016745 

031566 

016745 


:<$OOD DATA 
MOV 


*FO2>R0 
4RAF02R1 
46; S2 


(R0)+. (rim* 
R2, EMI 

EAF02+2, - «. TP 1 
RAF02.-CTP) 


am 

gn 

a 

§g 

3 a 


27 

06046 

012732 :f 
037676 

MOV 

#Ft02,R2 

y ; ; ■' jc -® 

23 

06052 

0.1 0G31 

MOV 

E0, El 

■ & 

2 $ 

060d4 

012221 

MOV 

(R2)+, (RlH 

■ .3 

38 

0605G 

0,12221 :! 

MOV 

(12)+. (Rl) + 

'• ■ ■ . ■ • ' . /I 

31' 

06060 

016721 :7 
010674 : 

MOV , 

IV. 02. (El ) + 


32 

06064 

016721 : : 
0:10672 . 

MOV 

Dj.02+2. (Eli + 


33 

06078: 

075010 

: FSUB 

10: ' 


■34 

35 

06072' 

100444 ; 

■ ■ ’ : - J : ; 

BMJ ' 

EABAD 




ROOM ft IR ; RT-ll MACRO VW0S- 12 00:10:02 PAGE 22+ 


03 1566 : 

45 06 124 016745 : MOP RAFH2+2, -(TP) 

; : V;- 03 1562 : 

46 06130 016745 MOk' RAFN2, - (TP) 

031554 . 

47 06134 075035 : FI)I17 TP 

48 06136 012567 MOk' (TP)+, ORAT : ; 0RAT-RAF02/RAFN? 

031632 7-' 

43 06142 012567 MOk' (TPH-,ORAT+2 

031608 

5/ 06146 016745 HQk' RAFC02-I-2, -(TP) 

031544 

51 06152 016745 MOk* RAFC02,-(TP) ■ 

: 331536 

52 06156 016745 MOk* RAFN2, HTP) 

031526 

53 06162 016745 MOk* EAFN2,~(TP) 

i; 031522 

54 0G 166 075035 FDIk 1 TP 

55 06170 012567 MOk' (TP)+,CRAT ;CEAT=RAFC02/P.AFN2 

031544 

56 06174 012567 l"10k' CTP)+, CRAT+2 J 

031542 

57 06200 000167' JMP • RM2 

- 000026; 

58 .. . - .• . ■>* , ... 

59 06204 RABAD:' : PRTBUF BABAIR, 3 

06204 •004567 JSR R5/BUFLOD 

010346 

06210 016774 BABAIR 

0621.2 000003 3 

062:14 012700 mV #BUFFER-R0 

037200 

06220004767 V JSR PC.1PTGO 

‘ ; : 006614 

68 06224 012767 MOk' #-l,DUM2 

17777 7 
: ; 030742 

61 - . ;v. ' -v" ' !-r :ir- 

62 06232 012604 KM2: MOk CSP)+.,R4 

63 06234 012603 MOk' (SP)+..R3 

64 06236 012602 '• MOk' (SPJ+-R2 . 

65 06240 012601 MOk' CSP)+,E1 

66 06242 012600 MOk' ’ SP)+,E0 

67 X . ' . ' ' ' “ 

68 06244 000207 RTS PC 




PTC, PUP SETUr BT-H MACRO H'102-12 


00: : 10:@? PAGE ?3 


.TITLE FTC, PBF SETUP 


4 000246 
'5 0062% 

: :<o 006260 


912705 vSTRTP 1 : PjOP' 

037112: 

012767 JMON 

177770 : :: 

0 j 1446* 

010767 V,: ;M W 

025732 : : . 

025726 : 


tfTSTK, TP 
:#-10,WAITT 

MSDLV. I ‘PEL 


! MSDLV IS, HUMBER OF 20 MSEC ChjUNPS TQ DELAY, 2® MSEC CANCELS WITH 2BVTES / WORD 


JMOP'E CHARACTERS TO BUFFER ONCE AND FOR ALL 


10 

11 

06266 

06272 

.004567 : : 
010264' 
017232 

JSR 

TEXTIH 

R5, BUFLOB 


12 

13 

14 

15 

16 

06274 

.000013; 

* . l 'J ; '.•' v - . ' : : *. 

17 

06276 

U05067 
: 051524 

:: ; : clr 

TIMl 


18 

06302 

005067 
: 051522 

CLR 

TIME 


•19 

06306 

' 804767'.' 
•606004 • 

JSR 

PC, t’PELSU 

: SET UP GAS DELAYS 

20 

863 12 

012767 : 

880175 

051478 

m 

w 1S5 . , SEC5CT 

• 3; 3 Y %. ■ : Y Y V: . .; ■*. 

' : 21 

66328 

012767 
00.0.567 : 
051464 

,}>10[A 

#3F5. , SEC15C 


22 

06326 

•005067 

Q51454 

; .£1R 

SFLEQS 

; CLEAR A FLAG FOR SPLINE FIT 

;23 

0633? 

095867 : 
931414 

; iCLR 

QCOMPU 

SAND FOR : SECONDARY CARDIAC OUTPUT CALC: 

•24 

.06336. 

.012767 . 

040020 

U31416 

MOV 

^PROTO, PR06ET 

*, INITIALIZE THE PROTOCOL POINTER 

•25 

06344 

I1G5087 : 
: 93 1404 

■ CLR 

EOTPFG : 


•26 

0G35B 

205067 

031402 

61 R 

EOTCT 


27 

86354 

. 005067 
.031404 . 

: C-LR 

DSFOUT ;0BBS 

ROST FLAGS, 

28 

06360 

;.;0050G7: 

. S3 1402 . 

CLR 

DSC OUT : 


29 

06364 

:i 643067 
.031344. 

CLR 

OUTWFG 


;30 

. O6370 

005067 
031374 : 

CLR 

PRTFLG 

! REPORT FLAG 

31 

06374 

012767, 

.080764 

031334 

rlOt^ 

#509, , BPCNT 

-.TRIGGER FIRST BFMS AFTER 500*.04S£C 

32 

06402 

085067 

fCLR : 

PTEEI' . 




PTC.PBF SETUP RT-ll MACRO MM02-12 00:10:02 PAGE 23+ 


! C- 02S4S0: 

33 06406 01276? KOI'’ +4, FINTCT : 3 ADISR ONLY GETS INTERBUPTES FOR TH IS EMERY 40 MSEC 

: 000004 

031356 

34 06414 012700: MOM • 4FTCT1,:R0 

060160 

35 06420 012701 MOM #PTEND> R1 

060736' ■ ■ . 

36 06424 005B20 PCBFCL: CLF (ROM- 3 CLEAR PTC BUFFERS 

37 06426 020001: • CMP R0,E1 

38 06430 001375 ' BNE . PCBFCL 

, 39 06432 012700 MOM #CHR> P.0 

: 060032 V 

40 06436 012701 MOM #PBFND,R1 

. 060156 

41 06442 885020 PFBFCl i CLE . (R0>+ ; BUFFERS 

42 06444 020001 CMP P.0, El 

4306446001375 BNE PFBFCL 

4406450 042737 BIG #100,@#DRBO 

: 000 1 08 
■ 167762 

4506456032737 BIS #40, @#DRBO 

' 00804O 
2 167762 • 

46 i DIBBLE LIGHTS 

47 06464 065067 CLR QFLAG 

.052266', 

48 B6470 0047G7JSR PC, PTCSM ; SET POINTERS FOR FTC DATA 

001426 


51 

52 ■ 

53 

■ 54 

55 

56 ; MORE SETUP?????????????????????????????.?? 

57 

58 • ' 

59 06474 00476? 3SR PC, PROFTC 3 GET NEXT PROTOCOL STEP 

001446 : 

60 06500: 052767. : B IS ; #1 , DUM1 

■ 00000 1 
031212 : 



PTCJPBF WATCH ; LOOP 


KT-1 1 MACRO 17102-12 00:10:02 PAGE Z A 


.TITLE PTC/PBF WATCH LOOP 


2; 806506 

026763 

U2551B 

023304 

EKLOQP: 

CMP 

QUADO/QUA 

3 0005 14 

tij: . 

sr . 

l»> ; . 

NO 1071 


BME > 

' : GSANAL 


5 THIS GETS CHECKED AFTER . 

6 0065IC 

: 005767 

ljT; i *j ij ,,-t 


TST : 

; SPERMS 

7 00’w582 

8 

081412 


BEG 

NOSPL J 

9 000524 

022767 

040013 

041242 


CI'IP 

#! 3; HP AIR 

10 00532 

100404 


BMI 

EXL 1 : 

It 06534 

005867, 

051246 


CLR 5 

: SPLRGS . 

12 00540 

13 v/i: 

ORA ter 

iju44f.e 


•IMP v 

; ROUT : 

■ ■ : • .! 

14 

15 

000107 

.087306 

EXL 1 1 : : 

Jhr T; 

:• SPLF IT 

1C 06550 

005767 
03 i 136 

HOSPLi: 

TST v 

QC0i4PLI 

17 00554 

flu 1402 


BEQ ' 

: : HOP IN i 

18 HfcLCC 

19 0C5G2 

20 

O0Q 167 

004030 

NOE IN: 

JMP . :• 

. FHSHO 

21 0G.5S2 

8D5767. 

031802 


TST 

: FRTFLG : 

22 06506 

801402 


BEG ^ 

NOWUIT : 

23 00570 

800 167 

iTiL i 1 X&. A 


JMP 

WRITE 

24 0051 4 

LJfcJ { *rK.t*4 

0I'.1* . -07 
03 1 166 

HOUR IT: 

TST 

DSCOUT 

25 08008 

001402 


BEG 

: HOCSHU 

28 06682 
27 

1300167 

082310 


JMP 

: SHi-T'TC 

28 00606 

,005367 

031152 

MO Si ll ': 

TST ' 

' DSFuiJT 

28 U6S1H 

00 1 482 


BEQ 

: IIOFSHI-’ 

30 00014 

o' | 

000167 

002300 


JMP - 

SH1-TBF : 

32 U0O28 

0O5767 

031110 

NOFSHW: 

TST 

.. OUTWFG 

33 00624 

001402 


BEG 

NOWET 

34 06020 

000 167 
002150 


JI'IP 

WRTIT 

35 06632 

005767 
03 1 1 16 

l-IOMRT: 

TST 

■ EOTPFG 

36 06636 

37 06040 

801723 

008001 


BEQ 

WAIT 

EMLOOP 

38 06642 

.00.5367 


DEC 

EOTCT 


;R GLUME, GAS DATA TO BE ANALYZED????? 


: HEED SPLINE PIT FOP G:BATA 


: COMPLETE THE 0 CALCULATIONS 


: NEED TO INITIATE PRINTER OUTPUT 


: PTC DATA TO GO OUT TO OBDS 


i¥ 

>£> : : : 

& M 


PTC.'PBF WATCH LOOP 




ST- II MACRO WM02-12 


33 06646 
40 06650 


41 

42 ... 

43 06656: 


031 1 1© 
001317 
042767; 
000001 
161112 


BNE 

BIC 


EXLOOP 
#1* DBAS 


3 WAIT POE PRINTER TO FINISH 
132767 :KT3: BITS #LPEN> LPTSR 


•44 

: 808:108 
161064=: 
06664; 801374 

BNE 

KT3 

45 




46 

06G66 122777 

; WAIT FOB TTV 

TO FINISH 

47 

CMPB 

#377 ■ HTTVGO 

48 

: ;;S : = 000377 
: 030274 
06.674 001374.: 

BNE 

i-6 

49 




58 




51 

06676 000207 

PTS 

; PC : ;END 


00:10:02 PAGE 24+ 







, 03 : 

GO 







1 i 


: I i 



cp-\j ^ cn r.wro 


. | - 1 |j i I^JV./-*,'.. ',. |“t»H«M ' ' £dtactiai4t-i | a. 

•PTC/TDF Gas firmvsis ET-U MhCRO PM02-12 OB: 10:02 PAGE 25 : 


086700 

00G704 

006,7 10 
006712 


816700 

025316 

020027 

836732 

082402 

012700 

034224 


a' .TITLE PTC/’PBF GftS ANlUS'SIS 

6S0MAL : MOP' QUfiDQi R0 . 

A. CMP F0,#QUfiDSl • ’> 

" : ‘V: BIT ! PRN34 

:: : MOM #®UAD5T,R0 


0067 1G 01270 1 RFN34;: MOM 

0313756 

9 00S722 .8127*02 mV 


mWr&i 
#7, R2 : :: 


008007 




06726 0 12021 GSLP : 

mv , 

CE0.H-, CR1)> : : 

• * CHT NEXT SET OF PHASED V AND GASE& : 

06730 077382 

SOB 

R2,GSLP 


06732 B1 0067 ; 

, ms . ■ ;; 

■ B0> GiLJflDO 


025264 





© gd . 

as 

IS 

jsS 

■ Q 

g'S : 

% 


PTCWP8F GAS ANptYS IS RT-1 1 MACRO WM02- 12 00:10:02 PRGH 26 

1 5 TO IS is: THE SB DATA STORAGE PART OF GAS ANALYSIS 


2 006736 

3 006742 

4 006, P44 

5 006746 

6 

7 

8 

9 006750 

10 06754 

11 06756 


12 

13 

14 

15 36764 


16 0677:2 
; 17 070:00 

IS 07006 

19 07012 

20 070.1.6 

21 87022 

22 07026 


005767; 

052014 ': 

001506 

100401 

800421 


005767 

825102 

001101 

012767 : 

000001 

05:1772 


012767: 

020006 

011010 

016767 

007676: 

051000 

016767 

007072 

050774 

005067 

030782 

0:16745 

010744 

016745 

010736 

016745 

027744 

016745: 

027736 

07501S: 

100403 


1ST 

QFLRG : 

BEQ 

GSLPl .3 

BMI 

FRST1 

BR 

SAl^-EQ i 

TST 

: t> j PREI^ : : 

BHE 

GSLPl 

MOW 

#1 , QFLRG : 


; FIRST BATA POINT YET TO BE STORED 
)ME MOR &//////////'}! ? ? ?? 

; WANT TO INITIALISE ON FIRST SAMPLE OF NEW BREATH 
3 SO WE KNOW WE HAWE INITIALIZED 


23 07032 0750 IS FSUB 

24 @7034 100403 Bill 

25 

26 07036: 062705: NOWAY: : ADD 

000004 

27 07042 000446 BR 


: ; LlGHTS7777???77???????7 i? '’7???7 
MOW +FWBAT, FlODR 


MOW B0. 2, LSTO 


D0.2+H, LSTO+2 

NF'AIR . 
i0CTRS+2 : , -(TP? 
QCTRS,-£TP) 
HUC+2, -(TP) 
WWC,-CTP) 

TP : : 

QMAYBY : 

#4i TP 
GSLP1 


CLR 

SAWEQJ MOW 
MOW 
IW 
MOW 



07044 

016765 QMAYBY) 

050732 

000002: 

MOW 

LSTD+2, 2 (TP) 

29 

07052 

816715 : 
058722 

MOW 

': LSTO, (TP) 

30 

0705$ 

016745 

027704 

MOW 

WWO+2, + (TP) 

31 ; 

07062 

016745, 

027676 

MOW 

WHO, - (TP) 

32 

07006 

075015 

FSUB 

TP 


33 07070 016745 

V 010656 

34 07074 016745 

010650 


;C02 GREATER THAN SOME 
tTHRESHHOLD, ABOUT 20 TORE ????? 

;T0 KEEP IT HONEST : 

■3 AND GET THE HELL OUT OF THIS PART i 
• WE DONT USE THE RESULTS OF THE FSUfi 


/HAS FOE DEGREASED BY MORE THAN .002 


DO, 082+2, -(TP) 
DO. 002/ -(TP) 


i L. 



' 4 

i : 






X. 


wwb era ear 

era 

EES ES5 

1 ^3 S3 E33 CT33 C 

:/PEF GAS ANALYSIS 

RT-1.1 

MACRO MM32- 12 

00:10:02 PAGE 26+ 

07100 07^015 

FSUB 

TP 


07102 IGU7S5 

BMI 

NOWAY 

;NOPE 

07104 002705 

ADD 

#4, TP 


000304 

«■ 



; KEEP IT STEAIGHT 

07110 316767 

11017 

WHO, LSTO 

;SAFE THIS DATA POINT 

027650 

050662 

07116 016767 

mom 

WW0+2.LST0+H 

iSHOJ/E THEM FOR NEXT CHECK 

027644 

050656 

07124 01670.0 

MOF 

FFADE/E0 


010652 

07150 016770 

MOF 

WHO.. (E0) + 


027SSG 

07134 01 C720 

14017 

WWO+Si <K0) + 


027626 

07140 016720 

MOF 

WWC, (B0) + 


027624 
07144 016720 

MOF 

WWC-t 2, (B0) + 


027622 
07150 010067 

HOF 

E8, FFABE 


010626 

07154 005267 

INC 

. NFAIB 


030814 






}AND 

THEV WEEE STOEED 




■- ; AD 

07160 016704 GSLPl: 

MOF 

WWF.B4 


027577 

07164.001002 

BNK 

MOTE OB 


07166 008167 

JMP 

GSEOB 


000470 




07172 166704 NOTE OB: 

SUB 

FPEEF, K4 

; DELTA V 

024660 

07176 016767 

MOF 

WWF, FPEEF 


027554 
024652 
07204 010445 

'MOF 

B4--CXP) 

L ' 

07206 004767 • 

JSE 

PC, IE' 

: FLOAT DELAT 

006440 
07212 016745 

mv 

SLF+2, -(TP) 


0074bO \ 

07216 016745 

MOF 

SLF, - (TP) 


007442 
07222 075025 

FMUL 

A 

TP 

j AMBIENT LITEES ON STACK 

07224 81 1503 

MOF 

(TP) , E3 


07226 016504 

MOF 

2 (TP) , E4 


000002 




.07232 016745 ’ 

MOF 

stpef+h;~ctp) 


010510 




07236016745 

MOF 

STPDF, - (TP) 


010502 
07242 075025 

FMUL 

TP 

;STPD DELTA VOLUME ON STACK 


c . 


fT~~1 C S? t ^r r -"| 


i- 

■x\ r 
;Xj ^ 


Ua *r: 

g Q' 


l TJ p 

fe L - 


(>’ t*— 

Q F 

fei , .: 


» l l“ v 


Igs 

ill I 


c> 


u ■ LdaiL* 4 k&tfLi t.i_j L ^I-.k ' JL • v . 


8 2 2 




’ ' '■- : : \. l. i V* ; i * : . ; *v ’ i 


PTCWPBF GAS ANRLYSIS - ET-11 MACRO WM02-1-12 00:10:02 PAGE 26+ 


63 

07244 010500 

MOW 

TP.B0 

70 

07246 

01GB45 

000002 

MOW 

2CR0),-(TP> 

71 

72 

73 

07252 

011045 

MOW CR0),-(TP) 

■ BOTTOM OF STACK NOW CONTAINS ! 

74 

07254 010445 

MOW 

R4,-CTP> 

75 

07256 

010345 

MOW 

R3,-CTP) 

76 

07260 

016745 

007506 

MOW 

BTPSF+2, - (TP) 

77 

07264 

016745 

007500 

MOW 

BTPSF,-(TP) 

78 

07270 

075025 

FMUL 

TP 

79 

07272 

010500 

MOW 

TP-,110 

80 

07274 016045 
000002 

MOW 

2(K0),-(TP) 

SI 

82 

83 

07300 

07302 

011045 

004767 

000336 

MOW 

(R0),-CTF) 

JSR PC, I OF 

84 07306 

316745 

051442 

MOW 

BRTHW+2, -(TP) 

85 

07312 

016745 

051434 

MOW 

BRTHW, -(TP) 

86 

07316 

075005 

FADD 

TP 

97 

07320 

012567 

051426 

MOW 

(TP)+, BRTHW 

88 

07324 

012567 

051424 

MOW 

CTP)+, BRTHW+2 

89 

07330 

016745 

050520 

MOW 

CMW+2,-(TP) 

90 

07334 

316745 

050512 

MOW 

CMW,-(TP) 

91 

07340 

075005 

FADD 

TP 

32 

07342 

012567 

050504 

MOW 

(TP)+, CMW 

93 

07346 

012567 

050502 

MOW 

(TP)+, CMW+2 

94 

07352 

004767 

JSR 

PC, ION 


! DUPLICATE TPO ENTBV 


; DELTA V BTPS 

;TURN OFF INTERRUPTS IN CASE EOP TIMOLIT WHILE DATA OUT OF HOLES 
5 BEING UPDATED AND THEN WOULD BE STUFFED OFES ZEROED HOLE 


;GIWE THE INTERRUPTS A CHANCE 


a 




IPS1IBB 

xSSEt 

fSSSBBI 

mam*,**. BMMMK 

rTc/?BF ar r? shrlysis 

RT- 1 1 

MACRO MM02-12 

i 

n, 

•■STACK 

SHOULD 

HAME STPD DELAT 

3 mrsjts 0 i k74F 
927410 

MOM 

MWC+2 < 

“(TP) 

4 807362 916745 
027402 

Et 


MOM 

HMC, - (TP) 

3 

6 007360 016745 


MOM 

WUN+2.-<TP) 

n-* T - 

S-., . -wi p lJ 

7 G07372 316745 

Fi* 'V 1^2 


MOM 

WWH* -(TP) 

8 007376 016743 


MOM 

CRAT+2, -(TP) 

43U JJ4ti 

y 007480 616745 


my 

CRfttWTP) 

050332 

10 07406 075025 


FMUL 

TP 

11 07410 075015 


FSUB 

T p 

12 07412 075625 


FMUL 

TP 

13 07414 OU'iiUU 


m* 

TP.P9 

14 07416 C 1 CO 45 


my 

2tRfl),-<TP) 

000002 

15 07422 011045 

16 


my 

fR0),-(TF) 

17 07424 004767 
000214 


JSP 

PC/ 10F 

IB 07439 016745 


MOU* 

CL 02+2# -(TP) 

056 i 1 4 

19 0743-1 .016745 


MOM 

CC02j - (TP> 

050406 

20 07440 975005 


FADD 

TP 

21 U7447 012567 


MOM 

(TP)+/CC02 

050400 




22 07446. 012567 
050376 


MOM 

(TPJ+/CC02+2 

23 U'7452 B 16745 


MOM 

BETHC+2* “ (TP) 

051272 

24 07456 016745 


MOM 

BRTHC,-(TP) 

851264 

25 07462 075005 


FADB 

TP 

26 07464 612567 


MOM 

(TP) +» BRTHC 

051P5G 

27 07470 Q* 2567 
651254 


MOM 

(TP) -6. BRTHC+2 

23 

29 07474 004767 

JSR 

PC/ I OH 

000126 

30 

31 07598 0167-15 


MOM 

WWH+2*“CTP) 

BY725C 

32 07504 016745 


MOM 

-CTP) 

02725Q 

33 07510 016743 


my 

ORAT+2, -CTP) 

1330232 

34 07514 016745 
B30224 


MOM 

OR AT, -CTP) 

35 07520 075025 


FMUL 

TP 

36 07522 0)0745 


MOM 

HMO+2, - CTP) 


mm E53 cssj 

G0: 10:02 PAGE 27 


■— i n . »— I fVBmut kMJ imj 

CIjZJ it ~~c±J Eaai It loans WrTTi 


;FEC02 TO STACK 


;FBOM BOOM AIK 


;FEH2*(FIC02/F I N2) SUBTRACTED FROM FEC02 
: TIMES DELAT MOL -MC02 


Q # 

|| 

|g 

F g 

gg 

§g 

CO ^ 

3^ 

§£! 


PTC/PEF GfiS RNALYSIS ET-11 MR CEO P'MQS- 1H 00:10:02 PAGE 27+ 

027240 


37 

07526 

016745 

027232 


tW 

im-(TP) 

33 

07532 

075015 


FSUB 

TP 

39 

07534 

075025 


FMUL 

TP 

40 

07536 

010500 

M07 

TP,R0 


41 

07540 

016045 

008002 


v\ov 

2CR0), -CTP) 

42 

43 

07544 

0 ) 1 845 


M07 

(R0),-CTP) 

44 

07546 

004767- 

000072 

JSR 

pr. IOF 


45 

07552 

016745 

051166 


IW 

BRTH0+2,-CTP) 

46 

07556 

016745 

051160 


M07 

3ETH0, - CTP) 

47 

07562 

075005 


FADD 

TP 

43 

07564 

012567 

051152 


MOX 

(TP)+. BRTHO 

49 

07570 

012567 

051150 


MOP* 

CTP)+, BRTHO+2 

50 

07574 816745 
050244 


SW 

C02+2, -CTP) 

51 

07600 

016745 

050236 


MOl/. 

C02, -(TP) 

52 

07604 

075005 


FADD 

TP 

53 

07606 

012567 

050230 


PI0I7 

(TP)+, C02 

54 

07612 

012567 

050226 


mv 

CTP)+, C02+2 

55 

07616 

004767 

000004 

JBE 

PC, ION 


56 

07622 

000167 

176660 


JMP 

EXLOOP 


; 1X02 THIS DELTA AS IN C02 


;THIS label is confusing 

jit IS REALLY CURRENT OXYGEN, NOT CARBON DIOXIDE 


£ i \ 


OF GRS EXCHANGE CALC 


nr? crs 







z/vzt ii iiifmii i wwwii ■ ' 

GRSEKC END OF BRERTH 

BT-11 

NRCKO PW2-12 

1 

.TITLE 

GASEXC 

END OF BREATH 

2 007662 005067 
024170 

GSEOB: 

CLR 

WREX 

3 007666 005267 
050164 


. INC 

CRR 

4 007672 016700 
050 132 


MOP- 

TIM2/R0 

5 007S7G 01G701 
050124 


MCV 

TIM1/R1 

6 007702 012703 
177777 


IW 

1 , R3 

7 007706 873003 


ASHC 

R3,R0 

8 007710 016745 
051040 


m> 

BRW+2,-(TP) 

9 007714 016745 
051032 


MOX 

BRTHMj -(TP1 

10 07720 016745 
010012 


MOP 1 ’ 

D8.+2/-CTP) 

11 07724 016745 
010004 


MQH 

D8.,-(TP) 

12 07730 075035 


EDI!' 

TP 

13 07732 016745 
010004 


MOi^ 

D32767+2, -(TP) 

14 07736 016745 
007776 


MOF 

D32767,-(TP) 

15 07742 075025 


FMUL 

TP 

16 07744 004767 

005776 

17 

- 

JSR 

PC,RI 

18 07750 016745 
050774 


MOF 

BRTHC+2/ - (TP) 

19 07754 016745 

050766 

20 


MO!'' 

BRTHC/ -(TP) 

21 07760 016745 
007756 


MOX 

D327G7+2, -CTP) 

22 07764 016745 
007750 


1W ' 

D32767.-CTP) 

-23 07770 075025 


FMUL 

TP 

24 07772 004767 
005750 


JSR 

PC,RI 

25 07776 016745 
050742 


MOX 

BRTH0+2,-(TP) 

26 10002 016745 
050734 


MOi/ 

BETHO,-(TP) 

27 10006 016745 
007730 


MCV 

D327G7+2, -(TP) 

28 10012 016745 
007722 


iW 

D32767* -(TP) 

29 1001G 075025 


FMUL 

TP 

30 10020 004767 
005722 


JSR 

PCiRI 

31 10024 004767 
177614 


JSR 

PC/ I0F 


00:10:02 PAGE 29 


;FIX IV 0-32767 =0-8LBTPS 


)02, C02 0-32767=0- 1L STPD 


32 

33 

34 


;HERE. R1 HAS TIN IN NO OF SB MSEC HACKS 
;OH STACK 02,C02,TH SCALED AND INTEGER IXZED 


<_o 

CO 

CO 


£53 cj cz 3 era 


wum 

BajJWl 


H R5W t - 1 t-WKZ^-tbi 1 J I 3 li ■ 1 13 L iw i m l L .f-^-J * " ^ 

orsekc end of smitH rt-ii macro vmz-iz 93:10:02 prge soh 

35 

36 

37 
33 


29 

10U30 010700 


MOP 

PTSTUF,R0 

4R 

347750 
10034 0i012Q 


MOP 

E1.(E0) + 

41 

10033 312520 


MO!-’ 

(TP)*, (E01 + 

42 

10040 012520 


MOP 

C TP) +, CE6) + 

43 

.10042 012520 


MOP 

(TP)+. (P3) + 

44 

10044 010067 


HOP 

P>0, PTSTUF 

45 

047731 
10053 004767 


JSS. 

PC/ ION 

46 

177552 




4? 

10354 012730 


NOP 

. •iW>RTHO,-R0 

43 

06S742 
1B0G0 012741 


MOP 

. IIO. ill 

49 

50 

00300S 
10064 035020 

CLEBET: 

CI.E 

•: ; + 

nl 

100St3 377102 


r,03 

Ri/CLP.BRT 

b2 

16070 005767 


TST 

QFi.nG 

53 

030662 
10074 003419 


n» T7 
ijX-C 

Cbi.PI.P 

54 
5 j 

1007S 805H67 


CLP 

OF 1,36 

56 

.050654 
10 182 052767 


BIS 

iv400, DP BO 

5? 

.000400 
157652 
10110 312767 


MOP 

^ 1 - Si- LEGS 

58 

H8000 1 
047 G70 
18116 80S 167 

GSLPLP: 

JMP 

HXLOGP 


176364 





Q !?- 





& p: 

©, 5 

‘ &> 





^ t. 





Vp»- v - 

©F- 





m v. 















era 




1 .TITLE SLOP SUBROUTINES 

2 ; ROUTINE TO RESET PTC BUFFERS 

3 010122 012767' PTCSW: MOW *FTH5, FSWHR 

060162 

047664 

4 010130 012767 MOV* WTW5, PSWWL 

060170 

047660 

5 610136 012767 MOW SPTGAS, PTSTUF 

060176 

047640 

6010144000207 RTS PC 

7 

8 

9. 

10 

11 

12 

13 ; ROUTINE TO GET NEXT PROTOCOL 

14 


l£> 

10146 '010146 

PROFTC; 

MOW 

Rl> -CSP3 

16 

10150 

010246 


MOW 

R2.-CSP) 

17 

10152 

016702 

027604 


MOW 

FROGET, R2 

18 

10156 

012267 

047640 


MOW 

(K2J+- PRDNCT 

19 

10162 

001416 


BEQ 

PROND 

20 

10164 

012201 


MOW 

CE2)+,R1 

21 

10166 

100005 


BPL 

NOPRQ 

22 

23 

10170 

005467 

000024 


NEG 

PROND 

24 

10174 042767 
000200 
157560 


BIC 

=11=200, DRBO 

25 

.10202 

010267 

027554 

NOPRQ: 

MOW 

R2.PR0GET 

26 

10206 

010167 

166546 


MOW 

Rl.DflCl 

27 

10212 

012602 


MOW 

(SPH-> R2 

28 

10214 

012601 


MOW 

(SP)+,R1 

29 

10216 

000207 


ETS 

PC 


30 

31 • 

32 

33 

34 

35 

36 10220 012767 PRONI): MOW EOTPFG 

00000 1 
027526 

37 10226 012767 MOW *400,EOTCT 

006400 

027522 

38 10234 042767 BTC *>1,DUM1 

000001 

027456 



Ea£ 3 grr? Ea 


00:10:02 PAGE 30 


STEP 

0 

;N0 CARDIAC OUTPUT REQUEST 
; MINUS SAYS CARDIACOUTPUT 

;Q LIGHT 

5 CONTROL WORK LOAD THE EASY WAY 


EZ=i CT ESI ES3 E=1 Eg} ET3 ET3 CS3 B5S,. ET3 



l±-U 


imsi esss kssi csa css jZEZ3 dm nm e=j n=a czi nzn : cza nzi ~ czd n=j eze 

(SOPM^L : r?nTIPN'' OF PtlF ; ' HT- 1 X MACRO VM02- 12 005 10 :82 PAGE 33 

t:>' X . ' : v ■■■ 

; THIS ROUTINE IS ENTERED WITH THE ADDP.ESS OF A FLOATING VARIABLE 

3 • ; ;TH R2 AND A TIME (DELTA T) IN E3,E4 

4 5FETCHEDG THE DATA FROM GE2, E2I-2 DIVIDES BY THE TIME IN MINUTES, AND PUTS IT BACK 


S 016? 5G 016245 NORM: .. 

•; mov , 

: . 2‘ R2Vi ~<TP) 

000002 



? Q 10762 011245 

mov 

' CR2) • -CTP> 

S 010764 A10S45 

MOV : 

r3,-':tp:> 

9 0107:36 010445’ 

MOV 

: R4, -(TP. 1 

10 10770 075035 

FBIV 

TP 

11 10F72 012512 

; Mov 

. CTP1-.S iV.2‘i 

12 10774 0125C2 

MOV 

V (TP) +,211.2) 

000002 



IS' 11000 000207 

; ' RTS . 

■ PC 




NORMALISATION OF PBF RT-11 MACRO VM02-12 00: 10502 PAGE 34 


i 011002 


2 011003 

3 011010 


MOV 

MOV 


4 011014 


ADD 


5 011022 

6 811026 


MOV 1 

ADD 


7 011834 

8 011040 


3011044 
10 1104© 


1,1 11052 

12 11056 

13 11062 


14 

15 11070 


016701 WRTIT: MOM 

847760 
010146 
017746 
047750 
062767 
000002 : 

047742 
017746 . . 

047736 
062767 
000002 
047730 
016700 
•047722 
016046 
000002 . - 
011046 
062700 
0O0004 , . 

0100G7 
047704 
004767 
804110 
062767 
000024 
047676 


FRSTPT,R1 , 


;THE address of the label 


R1,-CSP) 
SFMTPT, -(SP) 


JWHERE TO STICK THE FORMATTED LETTERS 
5 GET THE V PART OF THE PACKED FORMAT 


*2 , FMTPT 


0FMTPT, -(SP) 
#2. FMTPT . 


j SHOVE THE X PART 


MOV 

MOV 


ADD2PT, R0 
2 CR0) » -CSP) 


MOV 

ADD 


(R0),-(SP) 
#4, R0 


MOV 

JSR 

Add 


E0, ADD2PT 
PC-FFMT 
45=24- FRSTPT 


16 11074 

17 11076 

11076 


005367 

347664 

301006 


DEC 


NUMLFT 


11102 
18 11166 
19 11112 


20 

21 

22 

23 


012700 
037200. 
004767 
003732 
005067 
026622 
0MO 167 
175370 


BNE 

TYPE 

MOV 


WLVWLV 

BUFFER 

*EUFFER,R0 


JSR 

CLR 


PC, LPTGO 
OUTWFG 


WLVWLV: JMP 


EXLOOP 


4 THIS ROUTINE m A CLUDGE WITH A CAPITAL K 
•MUST BE GONE THROUGH' ONCE PER LINE 

■BUT DONT HAVE TIME TO WAIT ALL DAY OR WILL LOSE GAS DATA 

;MV 0 MY WHAT TO DO WHEN WE GET A PRINTER! ! Mi!!!!!!! MUM I Mill U M I! 


\ 


0^23 Q323 BBS 




■■LklMiiim 


5553 ■ ESSSb £553 . E353 CT3 CSS! KSS3 E58I I SSS BSSS 


MBjBg| MM* IWBbK 

|S^5S 


Ka^mLizari.oN of fbf 


FT- 1 1 MACRO 14102- 12 


00:10:02 PAGE 32 


; VOU FORGOT TO DO AMVTHIHG TO WORK LOAD 


10572 

10576 


10612 

10614 

10629 

10S24 

.10626 

.10632 

10636 

10642 


10652 


18660 

10664 

1067R 

19672 

1067 6 

10702 


10710 


107 16 


10724 


016745 1)QBP 
847350 
004767 
005850 
016745 
027 1.74 
816745 
827166 
075025 
01 6745 
6271 KG 
816745 
027160 
375005 
812567 
•0473 14 
S12567 
047312 
016745 
047310 
0Q4767 
08.5B04 
016745 
077.140 
016745 
027 132 
075025 
81 6745 
02713? 
016745 
087124 
075085 
8 125.67 
847254 
012547 
047P57 
812767 
80000 1 
027054 ' 
012767 
000631 
027016 
012767 
8038 13 
050034 
018767 
060102 
050038 


PRSBF,-(TP) 

PC, IE 

5BPFAC+2, ^*CTP) 
SBPFnC,-(TP) 

TP 

CBPOFF+2, -(TP) 
SBPOFF, (TP) 

TP 

( TP) !-, PRSBP 
(TP)+, PRyBP+2 
PRDBP.-(TP) 

PC, IR 

DBPFriC+2, - (TP) 
DBPFAC, -(TP) 

TP 

BBPOFF+2, -<TP) 
BBPOFF, — (TP) . 
TP 

(TP) -H. PRDBP 
(TP) +, PEDBP+2 
41, DSFOUT 


■iH, ODTWFG 


; CONCERTING SBP AD COM OERTER UNITS TO MMHG 


Q &, 

el 


SS 

®o 

l-cj t^r'; 


If 


413, NUMLFT 


#PRT IH1, ABD2PT 




<-• i. 


NORMRL IZRTION OF PBF 


34 10732 01276? 

017660 
. 050024 

35 10740 012767 

037214 

050020 

36 

37 

38 10746 0050C7 

027016 

39 10752 000167 

175530 


\ 

v \ a- 


RT-11 MACRO WtaZ-12 00: 10 s02 PAGE 32+ 


MOW #XXX1 , FMTPT 


MOW 4BUFFER+12 . , FR5TPT 


5THIS IS SETTING POINTERS 


FRTFL6 


IFOR THE PRINT ROUTINE 
: WHICH PRINTS ONE LIME fit A TIMNE 


EXLOOP 


cs=> :-ra to.- -ra ra err a ss css s -kss 


CT3 ET^D £~3 a CT3 






■Wl 

wlW1ion» 

PBF^ET-m, 



000346 



36 

1041B 012702 
060122 

mow ; 

*PRC02,R2 

37 

10414 004767 
000336' 

JSR 

PC, NORM 

38 

10420 012702 
060126 

MOW 

#PRMW, R2 

39 

10424 004767 
000326 

JSR 

PC, NORM 

40 

10430 012702 
060116 

MOW 

*PR02, R2 

41 

10434 .004767 
000316 

JSR 

PC, NORM 


42 

43 

44 10440 

45 10444 

46 10450 

47 10454 

48 10460 

49 10464 

50 

51 

52 

53 

54 

55 10470 


016745 

047466 

004767 

005202 

012567 

047456 

012567 

047454 

012702 

060132 

004767 

000266 


5 THE ABOWE WERE TO NORMASLICE ALL THE TIME DEPENDET CRAP IE M/M IN 
MOW PRRR,-(TP) 

JSR PC, IR 

MOW (TP)+» PRRR 

HOI' (TP)+. PRRR+2 

M017 #PRRR,R2 

JSR PC, NORM 


55 10470 016745. 

047420 

56 10474 016745 

047412 

57 10500 010045 

58 10502. 004767. 

005144 

59 10506 075035 

60 10510 012567 

047376 

61 10514 012567 

047374 

62 

63 10520 005767 

047412 

64 10524 001422' 

65 10526 016745- 


PRWL+2, -(TP) 

PRWL--(TF) 

R8,-(TP) 

PC, IE 

TP 

CTP)+, PRWL 
(TP)+, PRWL+2 

PRSLOP 

DOBP 

PR02+2, -(TP) 


3 WAS A CARDIAC OUTPUT MANEUVER DONE 




04736G 



O # 

66 

10532 

016745 
047360 . 

MOW 

PR02, -(TP) 

6 7 

10536 

016745 

007214 

MOW 

D. 0047+2, -(TP) 

§8 

68 

10542 

016745 
007206 : 

MOW 

D. 0047, -(TP) 


69 

4 

10546 

016745 

MOW 

PESLOP+2, - (TP) 

g ; e 

■ £ fcd 


Kl M 


00! 10:02 PAGE 31+ 


NORMALIZATION OF PBF RT-11 MACRO I/M8H-12 


047366 

70 1055? 016745 MOk PKSLQP, - CTP) 

047360 

71 1055G 075025 FMUL TP sQH/02/0 . 0047SLOP£ 

72 10560 075035 FDW TP 

73 10562 012567 tW (TP) +, PEQDOT 

047354 

74 10566 012567 MO^ ( TP ) +, PRQDOT+2 

047352 

75 

76 

77 

78 

79 




r"-i CE3 ■ ZZZ3 : da EZ3 






mm mm wm mm era a cm ezzj cm 

SLOP SUBROUTINES RT-ll MACRO MM0S-12 00:10:02 PAGE 30+ 


LTD C=— 3 cm E£3 E3 ES5I 


39 10242 012602 MW CSP)+,R2 

40 10244 012601 M0l> CSP)+,E1 

41 18246 000207 RTS PC 



NORMALIZATION OF TUP ET-11 MACRO WM02-12 00:13:02 PAGE 31 


1 

2 

3 

4 

5 

6 010250 


016700 
047630 
016701 
047622 
012703 
177777 
073003 
010145 
004767 
005356 

12 

13 10274 016745 
B07466 


7 010254 
6 010260 

9 010264 

10 10266 
11 10270 


.TITLE NORMALIZATION OF PBF 

! ROUTINE TO NORMALIZE OUTPUTS AND SET UP FOR PRINT ROUTINE 
WRITE: MOW PRTIM2, R0 

MOW PRTIM1 , R1 

MOW #- 1 , E3 


ASHC 

MOW 

JSR 


MOW 


R3,R0 
SI, -(TP) 
PC, IR 


; FLOAT THE HUMBER OF 80 MSEC 


; HACKS SINCE EOT 
TIHFAC+2, - (TP) 


14 

10300 

016745 

007460 

my 

TIMFAC, - (TP) 

15 

10304 

075025 

Friu l 

TP 

16 

1030S 

016745 

027420 

MCV 

LSTTIM+2, - (TP) 

1? 

10312 

016745 

027412 

IW 

LSTTIM, - (TP) 

18 

10316 

016567 

800006 

027406 

HQV 

6 (TP) , LSTTIM+2 

19 

10324 016567 
000004 
027376 

my 

4 (TP) , LSTTIM 

20 

10332 

016567 

000006 

047544 

my 

6 (TP) , PRTIM2 

21 

10340 

016567 

000004 

047534 

my 

4(TP) , PRTIM1 

22 

23 

24 

25 

26 

10346 

075015 

FSUB 

TP :THIS IS DELTA TIME SINCE LAST PERIOD 

:USED FOR NORMALIZING GAS WALUES 
;THE ABOWE BS WAS TO TAKE DIFFERENCE IN 
; CURRENT TIME AND LAST TIME, THEN SAWE CURRENT 
;TIME FOE USE NEXT TIME AS LAST TIME 

2 ? 

10350 

012504 

my 

(TP)+,R4 

28 

10352 

B12503 

my 

(TP) 4-, S3 

29 

10354 

016700 

047530 

my 

PRHR+2, R0 ; JUST REMEMBERED TO SAWE * OF WORK LOAD 

30 

10360 

016745 

047522 

my 

PEHR, -(TP) 

31 

10364 

004767 

005262 

JSR 

PC, IR ; FLOAT NUMBER OF BEATS SINCE LAST REPORT 

32 

10370 

0125C7 

047512 

MCT 

(TFH-.FKHR 

33 

10374 

012567 

047510 

my 

(TP)+, PRHE+2 

34 

10400 

612702 

B60106 

my 

li’PEME, R2 

35 

O 

CO 

00 

10404 

004767 

JSR 

PC, NORM 

ETT3 

1 Ti> ,, 3 

r~— 1 CZZ3 . 

E23 

r-ra ESZ3 ES3 CSS. E3 


wama 


ea cn£.ojra^ 




ET-Ti MACKUPM02- 



THESE ROUTINES MUST BE FILLED IN LATER 


011116 005867' SHWTCs CLP, DSCOUT 

02G644 

0111P2 00616? JMP EXLOOP 

175560 


10 


11 

11126 

011506? SHl'TBF : 
026652 

CLR 

DSFQUT 

12 

11132 

0001 67 

JHP 

exloop 


17' 5^50 


%% 


€% 

& 

tp o. 


*6 


& 


00 

t 


r^ 

ro 


CUBIC SPLINE FIT 


ET-n macro hibs-is 


00: 10:02 PAGE 37 


1 .TITLE 

a 

4 lAEEAV Z *> 02 

5 ifiREAV- V •*> C02 
fi 

7 01 1136 005067 SPLFIT; CLR 
046644 

B 011142 012767 MOV 

000001 
026602 

9 011150 012705 CUBIC; MOV 

037112 

10 11154 010567 MOV 

023026 


CUBIC SPLINE FIT 

SPLRQS 
#1 * QCOMPU 

#TSTK, TP 
TP, SAVSTK 


11 


12 ; SEPARATE PAIRS FOE LATER USE 

13 


14 

11160 012700 
020006 

CO: 

MCI'’ 

#FVDfiT,R0 

15 

11164 012701 
030466 


r-iojv 

#2, Rl 

16 

11170 012702 
031306 


M !0V 

#V,E2 

17 

IB 

11174 0 16703 
026574 


MOV 

HPAIR, R3 

19 

11200 012021 

Cl: 

MOV 

CR0)+, (RD+- 

20 

11202 012021 


MOV 

(P.0M-, CRD + 

21 

11204 012022 


MOV 

CE0)+, (R2)+ 

22 

11206 012022 


MOM 

CROH, CR2) + 

23 

24 

11210 077305 


SOB 

P.3, Cl 


I 



wat m 




mg mam B a ng ggaa ess 

KhkBh ■BKSSI1 . IllUMII HHHh dwm wp>h ******* 

CUBIC SPLINE FIT ET-11 MACRO MM32-12 

1. ; COMPUTE SI 

2 ' ' 


3 011212 012708 


MOM 

#WKAE. R0 

037114 
4 011216 010001 


MOM 

RG.Rl 

6 011220 U16702 


MOM 

PR02.R2 

046672 
7 011224 001007 


BNE 

C3 

8 

?PH02=G 



9 011226 016767 

C2: 

MOM 

DM.85. SI 

FI 05502 
026466 
10 11234 016767 


MOM 

DM. 65+2. S 1+2 

005476 
026462 
It 11242 000420 


BE 

C4 

12 

13 11244 612702 

C3: 

MOM 

«PB0e»B2 

060116 




14 11250 812220 


MOM 

(R2)+, (E0) + 

15 11252 012220 


MOM 

CK2)+. (E0)+ 

16 11254 012220 


MOM 

(E2)+. <R0)+ 

17 i 1256 012220 


MOM 

(R2)+» (K0)+ 

13 11260 075031 


FDIM 

El 

19 

20 11262 016741 


MOM 

DM1+2. -(R1) 

005444 
21 11266 016741 


MOM 

DM1. -<R1) 

005436 




22 11272 075821 


FMUL 

El' 

23 

24 11274 012167 


MOM 

CED+.S1 

. 026422 
25 11300 012167 


MOM 

CR11+. Sl+2 

026420 

26 

27 11304 016701 

C4; 

MOM 

NPAIR. I 

02646-1 
28 11310 010103 


MOM 

I.B3 

20 11312 162703 


SUB 

=Jh2', E3 

000002 

30 11316 162701 


SUB 

11=2. I 

600002 

31 11322 006301 


SSL 

I 

32 11324 006301 


RSI, 

I 

33 11326 010100 


MOM 

I. IM1 

34. 11330 162700 


SUB 

*4, IM1 

Q00004 

35 




36 11334 018004 


MOM 

IM1 , E4 

37 11336 062704 


ADD 

*Z.R4 

030466 




38 11342 075014 


FSUB 

E4 

39 

40 11344 010182 

C5: 

MOM 

I, IP1 

41 11346 010801 


MOM 

IM1. I 


a cm E=n a cm m m esa 

00:1.0:02 PAGE 38 


!El-> PRC02/FR02 
j MULTIPLY BV -1 

■ I=N 

: MO OF TIMES TO 60 THROUGH LOOP 

; I -I 5 M 
jIMI-1-4 






V 






& r * ■■ ■ - ■ •■ ■ 


y i. > r^ ^ V T? ^V » 


t- *■■ 


-^.’w 


RT-11 mCRO W102-12 


00: 10:02 FrtGE 3B+ 


42 

11350 162700 

SUB 

44, I Ml 


43 

44 

000004 
11354 010004 

MOV 

IMLR4 


45 

11356 062704 

ADD 

#2, R4 


46 

030466 
11362 075014 

FSUB 

B4 

;zcn=zcn-zci-n 

4? 

48 

1 1364 012704 

MOV 

4klKAR,R4 


49 

037114 
11370 010405 

MOV 

K4, R5 


50 

11372 016224 

MOV 

ZCIP1), CR4) + 


51 

030466 
11376 016224 

MOV 

Z+2C IP1) , (R4) + 


52 

030470 
1 i' 402 016124 

MOV 

Z(I>, (R4) + 


53 

030466 
11406 816124 

MOV 

Z+2CI), CR4) + 


54 

030470 
11412 075005 

FADD 

R5 


55 

11414 016224 

MOV 

ZCIF1),CE4) + 


56 

0304S6 
11420 016224 

MOV 

Z+2C IP!) j <R4)+ 


57 

030470 
11424 075035 

FDTV 

R5 

;E5 G 

58 

59 

60 
61 

rt 

11426 012704 

COMPUTE xcn 
MOV 

4WKAR, R4 

; E5 = WKAR+10 

62 

037114 
11432 010405 

MOV 

R4, R5 


63 

11434 016024 

MOV 

VCIMD, CR4J + 


64 

031306 
11440 016024 

MOV 

V+2UM1K CH45 + 


65 

031310 
11444 016124 

MOV 

V( I), CR41+ 


66 

031306 
11450 016124 

MOV 

V+2CD, CR4) + 


6 ? 

031310 
11454 075015 

FSUB 

E5 

;E5 -> VCD - VCI-1) 

68 

11456 016445 

MOV 

2 CR4) , -CE5) 

;GET G 

69 

000002 
11462 016445 

MOV 

0CR4) , -CE5) 


70 

000000 
1 1466 075025 

FMUL 

E5 

;E5 -> E5wG 

71 

11470 016745 

MOV 

D3 . 0+2, -CR5) 


7 2 

005246 
11474 016745 

MOV 

D3.0.-CE5) 


7 3 

005240 
11500 075025 

FMUL 

R5 

;E5 -> 3,0 5|: E5 

74 

11502 816145 

MOV 

Z+2CI),“CE5) 


75 

030470 
11506 016145 

MOV 

ZCD,-CR5) 


76 

030466 
11512 075035 

1-DlV 

R5 

J WKAR t*4 = [3. 0*G*CYCI) -VC I 

77 

78 

11514 012704 

MOV 

4WKAR+14, R4 


=3 

1=3 a 

Gp..' EZ3. 

E=1 E=3 

p™?i E2E3 


sum ess ra ess 


CUBIC SPLINE FIT 


79 11520 

80 11522 


81 1 1556 

82 1 1532 

83 11536 


037130 

010405 

016124 

031306 

016124 

U31310 

016224 

031306 

016224 

031310 

075015 


84 11542 

85 

86 11544 016745 
005202 


f — m r*— r— i 

ET-11 MfiCEO WM02-12 00:10102 PAGE 38+ 


mow 

iw 


R4, R5 

VCD, CE4) + 


MOW 

MOW 

MOW 

FSUB 

MOW 


V+2 ( I ) , CR4> + 

VC IP ID (R4) + 
Y+2Cin *D CE41+ 
K5 

Bi.0+2, -CRS) 


37 11550 016745 


IW 

D1.0,-CB5) 

005174 , 

83 11554 162705 


SUB 

#4, E5 

000004 

83 11568 075015 


FSUB 

E5 

90 11562 816745 
005154 


MOW 

D3 .0+2, - CR5) 

91 11566 016745 
005146 


MOW 

D3. 0, - CR5) 

32 11572 075025 


FMUL 

R5 

93 1 1574 075025 


Fi'lUL 

R5 

94 11576 016245 
030470 


MOW 

2+2CIF1D-CE5) 

95 11602 016245 


MOW 

ZC iPl) , -CR5) 

'030466 

96 11606 075035 


FDIW 

R5 

9? 




98 11610 012704 
037120 


MOW 

#WK0E+4,R4 

99 11614 016544 


MOW 

2 (85) , -CR4) 

000002 




100 1620 011544 


MOW 

CE5),-CR4) 

101 1622 075004 


FftDD 

R4 

102 




103 1624 012461 
032126 


MOW 

(R4)+, XCD 

104 1G3R 012461 
032130 


MOW 

CE4) +, X+2 C I ) 

105 




106 1634 000402 


DR 

.+6 

107 1636 000167 

C5fi: 

JMP 

C5 

177502 




108 1642 077303 


SOB 

83, C5A 

109 

; END 

OF DO LOOP 

3 

110 




111 

;DO LOOP 4 


112 1644 012701 
000004 

CG: 

MOW 

*4il 

113 1650 012702 
000010 


MOW 

410, IP 1 

114 1654 016703 
026114 


MOW 

NPAIR, E3 

ITS 16SQ 162703 


SUB 

42, R3 


:E5 -> YU+1) - VCD 


;E5 -> 1.0 - G 


;E5 -> 3=t:q 1.0-GO 

;R5 -> 3(1 S-G.UfCVCI+l)-VCI> 


;R5=E5/Z( IP1) 



CUBIC SPLINE PIT ET-11 MACRO kM02-12 00:10:02 PAGE 38+ 

000002 


116 

1664 012704 C?: 
037114 

MOk 

4WKAR,R4 

11? 

1670 

018405 

' MOk 

R4, R5 

118 

1672 

016124 

030466 

mv 

ZCD, CR41 + 

US 

1676 

016124 

030470 

MOk 

Z+2CD, CR41 + 

120 

1702 

016224 

030466 

MOk 

Z( IP1) * <B4) + 

121 

1706 

016224 

•030470 

MOk 

Z+2CIP1), CB4) + 

122 

1712 

075005 

FADD 

E5 

123 

1714 

016224 

030466 

MOk 

Z C IP 1 ) > C R4) + 

124 

1720 

016224 

030470 

MOk 

Z+2UP1U <E4) + 

125 

1724 

075035 

FDIk 

R5 

126 

1726 

012561 

030466 

; i*iok 

(R5)+.Z(I) 

127 

1732 

012561 

030470 

MOk 

(E5)+;Z+2(I) 

128 

1736 

010201 

MOk 

IP-1# I 

129 

1740 

062702 

000004 

ADD 

44, IP 1 

130 

131 

1744 

077331 

■ SEND 

SOB 

OF DO LOOP 

S3 * C7 
4 


CUBIC SPLINE PIT RT-ll MBCRO NM02-12 00: 10:02 PfiGE 39 


1 ; 

GET READS' FOB DO LOOP 5 


2 011746 012784 

' 037114 ■ 

MON 

#WKflR>R4 


3 011752 010405 

mon 

R4> R5 


4 011754 012701 

non 

#4, I , 


000084 

2 




6 G1 1760 016124 

mv ' 

2X1)/ (E4) + 


^ 03046*3 




7 611764 H16124 

MOV 

Z+2( I ) , (R4) + 


030470 




8 011770 016724 

mv 

SI, (R4H- 


025726 




9 011774 016724 

MON : 

Si +2, (B4) + 


025724 




in 1200O 075025 

FMUL ; 

S5 / 


11 12002 016124 
032126 

mv 

Xcn;xR4)+ 


12 12006 016124 
032130 

mv 

X+2(D, (R4) + 


13 12012 075015 

FSUB 

P.5 


14 12014 012561 

MON 

(R5)+.XCI) 


032126 




15 12020 012561 

032130 

16 

mon 

(R5)+, X+2 C I ) 

;XC2)=X(2)-Z(2):i«l 

17 12024 612701 
032746 

NO!' 

*W, I 


18 12030 016721 
817252 

NO!' 

V, (I) + 

;W(1)=Y(1) 

19 12034 016721 
017250 

; mv 

Y+2. (I) + 


2e 12040 016721 
094700 

mv 

D2.0/CD + 


21 12044 016721 
004676 

f X MON 

P2.0+2, CIH- 

:W(2)=2.0 

22 .12050 0)2701 
000004 

mv 

#4, V 


23 12054 012704 
037114 

mv : 

wHKftS/ R4 


24 12860 010405 ; 

MON 

E4, E5 


25 12862 016124 

MO!' : 

. WCI);.<R4) + 


032746 : 




26 12066 016124 

mon 

• M+2 ( I ) » CE4) + 


032750 


27 12072 016124 
032126 

MOI' 

X(I) , (R4X+ 


23 12076 0 16124 

:• NOl' ; . 

X+2(I)-, <E4) + 


032130 




25 12102 075035 

FDIN 

■ R5 


30 12104 012561 
032126 

NON 

<R5)+,.X(D 


31 12,110 012561 
032130 

NON 

(55)+, K+H(I) 

5/«2) »XC2)VY(2) 

32 




33 12114012704 
037114 

NON 

4WKRR,E4. 





CUBIC SPLINE FIT 

ET-11 

MACRO MM02-12 

34 

12120 

010405 

MOM 

. R4, 25 

35 

12i22 

016124 

030466 

MOM 

Z (I ) , (24) + 

36 

12126 

016124 

030470 

MOM 

Z+2 ( I ) , (24) + 

32 

12132 

016724 

004612 

MOM 

01.0.(24)+ 

38 

12136 

016724 

004610 

MOM ; 

01.0+2.(24) + 

39 

12142 

075015 

FSUB 

25 

40 

12144 

016745 

004562 

MOM 

DMl+2,-(R5) 

41 

12150 

016745 

004554 

MOM 

DM1, -(25) 

42 

12154 

075025 

FMUL ' 

25 

43 

12156 

016145 

032750 

MOM 

W+2(I?,-(B5) 

44 

12.162 

016145 

032746 

MOM 

W(I),-(E5) 

45 

12166 

075035 

FDIM 

25 

46 

12170 

012561 

032746 

MOM 

(R5)+, W( I) 

4?; 

12174 

012561 

032750 

MOM 

(25)+, M+2 ( I ) 




00:10:02 PAGE 39+ 


;R5 -> -1,0(1. 0-2(2)) 


; V(2) =-(1.0-Z(2) )/Y(2) 


cm cm ca. . n. a ' n ra a n a, E3 ; . ra 


CUB IC SFL INE FIT ET- 1 1 MRCEO YH02- IS 

1 :B0 LOOP 5 


2 012200 016793 

025573 

3 012204 1627B3 

000033 

4 

5 012210 812701 

000010 
<3 012214 P12700 
000004 
7 

3 012220 012704 C8: 
037114 

9 012224 010405 

10 12226. 016024 

032746 

11 12232016024 

032750 

1212236016124 

030466 

13 12242 016124 

030470 

14 12246 075025 

15 12250 016745 

004472 

16 12254 016745 

004464 

17 12260 075005 

18 12262 012561 

B32746 

19 122' 6 012561 

032750 

20 

21 12272 016745 

004454 

22 12276 016745 

004446: 

2312302016145 

030470 

24 12306 016145 

030466 

25 12312 075015 

26 12314 016045 

032330 

27 12320 016045 

032126 

28 12324 075025 

29 12326 016124 

032126 

30 12332 016124 

032130 

31 12336 075015 
32 ‘12340 016145 

032750 

33 12344 016145 

032746 

34 12350 075035 


HOY 

NFAIR, E3 

SUB 

*3,E3 

HOY 

*10, I 

MOY. 

44, I Ml 

HOY 

. '*HKnP,E4 

32 

OO 

XX 

R4,R5 

WUM1), <E4).+ 

HOY 

1-1+2 (IMlj,CB4)+ 

HOY 

' ZU), C.R4) + 

HOY 

Z+2C I) , iB4) + 

FMIIT. 

HOY 

T?5 

, D2.0+2,-(R5) 

HOY 

D2. 0, -(R5) 

FADD 

HOY 

E5 

CR5)+,WCI) 

HOY 

(R5)+,W+2(I) .. 

HOY 

I) 1 .0+2, - CE5) 

HOY 

T) 1 . 0, - CF.5) 

HOY 

Z+2U),-CR5) 

HOY 

Z( I), - (E5) 

FSLIB 
HOY , 

E5 

X+2(IM:l),-(B5'i 

HOY 

X(Mi),-(R5) 

FMUL 

HOY 

E5 

XU), (E4) + 

HOY 

X+2U), CR4) + 

FSUB 

MOY 

B5 

W+2U),-CR5) 

HOY 

HU) , -CR5) 

FDIY 

R5 . 


00: 10:02 PAGE 40 


* COUNTER 


; YCI) =CZU)*YU-1) 3+2.0 


jg gjgS S g lliES 








S&sr 

CUBIC spline fit 



IWl'-'WITN 


tefaa aak as 






35 12352 

36 12356 
3? 

38 12362 

39 12364 

40 12370 

41 12374 

42 12400 

43 12404 

44 12406 

45 12412 

46 

47 12416 

48 12420 

49 

50 12424 

51 12426 

52 12432 

53 

54 

55 

56 12434 

57 12440 

58 12442 

59 12444 

60 12450 

61 


012561 

032126 

012561 

032130 

010405 

016124 

032746 

016124 

032750 

016124 

030466 

016124 

030470 

075035 

012561 

032746 

012561 

032750 

010100 

062701 

000004 

000402 
300167 C8R: 
177566 
077303. 


; END 


016703 
025334 
006303 
006303 
005063 
032126 
0050G3 
032130 . 


ET-I1 MACKO MM02-12 

MOM (RSl+vXCl) • 

MOM (R5)*hX+H(I) 

MOM R4,R5 

MOM W( I) , (E4) + 

MOM 4+2(1) - (P.4) + 

MOM ZCI),(R4) + 

MOM 2+2U),CE4) + 

FDIM R5 

MOM (E5)+»WCI) 

MOM (R5)+» W+2( I) 


MOM r, mi 

ODD #4,1 


BR .+6 

JMP C8 

SOB R3,C8A 

OF DO LOOP 5 

MOM NPflIR,E3 

ASL R3 

flSL R3 

CLR X(R3) 


00s 10:02 PAGE 40+ 


CLR 


X+2(E3) 


;X(N) =0 


to 

00 


x 

l > 


t~3- uia :..cza c~3 


Ew^3 -1533 


jggf fcffwa fS &3 



CSSS 1 


CUBIC '.SPLINE FIT 


1 

2 

3 012454 016701 

0253 14 

4 012460 010103 

5 812462 162703 

006002 

6 012466 162701 

000002 

7 

8 012472 006301 

9 012474 006301 

10 12476 010102 

1 1 12500 062702 

800084 

12 . 

13 12504 012704 

037 1 14 

14 12510 010405 

15 12512 016124 

032746 

16 12516 016124 

032750 

17 12522 016224 

032126 

18 12526 016224 

032130 

19 12532 075025 

20 12534 016145 

032130 

21 12540 016145 

032126 

22 12544875005 

23 12546 012561 

032126 

24 12552 012561 

032130 

25 

26 12556 010102 

27 12560 162701 

000004 

28 12564 077331 

29 

30 

31 12566 016767 

025130 

017332 

32 12574 016767 

025124 

017326 


RT-11 I 


;B0 LOOP 6 

MOP 

MOP 

SUB 

. SUB 


ASL 

DSL 

MOP 

ADD 

; START LOOP 
C9s MOP 

HOP 

MOP 

MOP 

MOP 

• MOP 

FMUL 

MOP 

MOP 

FADD 

MOP 

MOP 


MOP 

SUB 

COB 

;DONE LOOP 6 
MOP 


MOP' 


iCRO PMB2-12 

NPAIR/I 

I,R3 
tt2/ R3 

#2 > I 

I 

I 

■I, IP1 
# 4 , i Pi 

^liKAR. R4 
R4, R5 

W< I) » (R4) + 
W+2(I>, (R4) + 
XC'IPl)* (R4) + 
X+2( IPD i (R41 + 
R5 

X+2U1 , “1R5) 
XCI)>-(E5) 

E5 

(E5)+,.X(I) 
CR5)+» X+2II) 

i, IP1 
3r4/ I 

R3, C9 
Sl.X 
S 1+2, X+2 


: 10:02 PAGE 41 


; COUNTER 


;XCH=S1 


CUB Ip SPLINE FIT 


** > ■■iirtlTlMU'i i j.-l.-j.,:-'--'- ••" '■- •■"•..•■ •— i i tfiliV . v-'—- ■* v --~ 

ST- 1 1 MACRO MM02-12 30:10:32 PAGE 42 




^-- ■ ’- « Satu & a ^ ^ •'* - ‘ fa : •» r '-- «Jt£ r 


1 

2 


3 012602 016705 C10: 

021408 

4 012606 000167 

173674 


sBESTOSE state of nature 
M 0I7 SAl^STK, TP 

JMP EKLOOP 



S (INSTANTANEOUS) 


RT-11 MACRO VM02- 12 


00:10:02 PAGE 43 


1 

2 

3 

4 


.TITLE E (INSTANTANEOUS) 

;R = EESP IRATORY EXCHANGE EATIO 

■; COMPUTE El HST = (S-^SF02-FC02)/'( 1-SP02-FC02) 

FOR EACH POINT EXCEPT END PAIR 
I . S=NEG( ABS) OF DERIVATIVE OF SAMPLED PAIR 


QCOMFU 


5 
G 
7 

3 012612 00506? FM8HQ: CLR 

025134 : 

9 012G16 012700 ETNGT; MOV. 




820006 



10 



5 REBUILD z 

1 1 , 

12622 

016703 

0251.46 


MOV 

i2 

12626 

012701 

838466 


MOV 

13 





14 

12632 

012021 

RING 1 : 

MOV 

15 

12634 

012021 


MOV 

16 

12636 

062700 

Q080R4 


ADD 

17. 

: 126.42 

077305 


sob' 

13 





19 

12644 012781 


MOV. 



0KI0004 



28 

12050 

£316703 
0^5 120- 


MOV 

21 

12654 

lG?7fl3 

000002 


SUB. 

22 





23 



TRBBCSl.OPO 

24 

126SS. 

012700 

£137120 

RIH1: 

MOV 

25 

12664 018002 


MOV 

26 

12666 

016120 

032126 


MOV 

27 

12672 

016170 

032130 


MOV 

28 

12676 

016720- 

004026 


MOV 

29 

12702 

016720 

064024 


MOV 

30 

12706 

075022 


FMUL 

.31 

12710 

011267 

024284 


MOV 

32 

12714 01626? 


MOV 



000082 

024288 



33 

12722 

016120 

038406 


MOV 

34 

12726 

616120 

03Q470 


MOV 

35 

12732 

075022 


FMUL 

30 





37; 

17734 

R1G142 

031310 


MOV 

38 

12740 

016142 


MOV 


#FVDAT,E0 

NFRIR, 53 

#Z, R1 

(R0)+. (Rl) + 

(R0)+, (El)+ 

#4,R0 

rs/rinsi 

#4. I 

NPA1R. E3 

#2,R3 

4WKAR+4, R0 
R0, R2 

XCI), CR0) + 

>'+2( I) « (R0) + 

BM1,(R0) + 

DM1+2, <S0)+ 

R2 ;R2-> ABS (SLOPE) 

(R2),UKAR+4 

2(R2) > WKAR+6 

Z( I) > (R0) + 

2+2(1), (S0)+ 

E2 ;R2 ->- F02 * S 

V+£( I ) , -CE2) 

V(I),-(R2) 


R C INSTRNTflNEOUSJ fit- 11 MACRO 14132-12 00:10:02 PAGE 43+ 


U 031306 

V 39 12744 075012 FSUB 

h: . 40 12746 012702 . WV 

1 037114 

% 41 12752 014062 HOV 

} 000002 

? * . • 42 12756 014012 HOV 

43 12760 075012 FSUB 

44 12762 016760 M OV 

F • 003762 

i 000004 

* 1 45 1277Q 016760 MOP' 

003756 

■ ’ 000006 

| 46 12776 875010 FSUB 

. • 47 ■ 

48 13000 016042 

• 000002 

49 13004 011042 M01' 

50 13006 075032 FDIP* 

! . 51 13010 012261 M017 

.t 032746 , 

i : 52 13014 012261 MOP* 

032750 

i 53 13020 062701 ADD 

• : 000004 

i I : 54 13024 377363 SOB 


E2 ;EH -> S#F02 - FC02 

#WKARiES 

-CE0) ; 2CR2J 

-CR0)> (R2> 5 PUT SF02-FC02 IKTO HKAR(l) 

R2 ' 

BK0,4(R0) 

D1.0+2,6<R0> 

R0 ;R0 -> 1-SF02-FC02 

2CR0),-(R2) 

CRB) > -CR2) 

R2 :R2 -> RIMST 

CR2)+,WCI) 

(R2)+, W+2CI). 

#4, I 

R3* R IM1 



55 

56 

57 ; COMPUTE LINEAR REGRESSION OF PC02 AS A FUNCTION OF RINST 

58 J STORE RBS (SLOP) IN CSLOP 

59 ; 

60 5 ARRflVs W -> RINST 

61 : Z -> F02 

62 ! V -> FC02 

63 

64 13026 004767 RIHLRG: JSR PC,CLRSUM : CLEAR EX, EY,EXY,EX2 

003042 

65 13032 012705 MOI7 #TSTK,TP 


037112 

66 : ; IGNORE ENDPOINTS 


67 

13036 

016703 

024732 

mv 

NPA1R»R3 


68 

13042 

162703 

00U002 

SUB 

*2,B3 


69 

i3046 

012701 

000004 

mv 

*4, I 


70 

13052 

016145 BINS: 
032750 

MOP* 

W+2C I) , - (TP) 

5 RINST 

71 

13056 

016145 

032746 

mv 

M 

v“* 

*X) 


72 

13062 

016145 

031310 

MOP' 

Y+2CI),~(TP) 


73 

13066 

016145 

031306 

MOP 1 

YCI) j -(TP) 

:FC02 

74 

13072 

004767 

003772 

JSR 

PC.SUMM 



o \ 

» L 


CO 

2E2S Sl 133 EiasT Eb3 S3 C3 'S ESS > .'ESS CSB E8SS KBH BOH M BBS BH SB 





R ( II iSTAN IGNEOUS) RT-il MACRO MM02-12 


7 5 

13076 

0627G1 

000004 


ft DD 

#4* I 

?Q 

77 

13102 

077315 

SOB R3,RTN5 

; SUMMATIONS COMPLETED 

73 

13104 

004767 

003044 


JSE 

PC, L50 

70 

13113 

012700 

037114 


MOM 

4MKAR, M 

R0 

13114 

010002 


MOM 

R0,R2 

81 

13116 

91252G 


MOM 

<TP’!+, (R01 + 

82 

15120 

01252B 


MOM 

(TP) +, Ci!0) + 

33 

13122 

016720 

RR3602: 


MOM 

BM1« <R0) + 

34 

13126 

S16720 

0USS80 


MOM 

DM1+H, (R0)+ 

85 

13132 

075022 


FMUL 

E2 

8G 

13134 

016720 

004430 


MOM 

D713, (R0) + 

8 7 

13140 

016720 

004426 


MOM 

D713+2, (RQH- 

38 

13144 

075022 


FMUL 

R2 

09 

13146 

012267 

044710 


MOM 

(P?)+. CSLOP 

90 

15132 

812267 

044706 


MOM 

(E2)+, CSLOP+2 

91 

02 

13156 

062705 

0R0004 


ABB 

*4, TP 

33 

1316H 

047767 

100000 

154660 

ECUT: 

BIC 

*100000, BRAS 

94 

13170 

052767 

000040 

154572 


BIS 

*40, DBAS 

35 

13176 

000167 


JHP 

EXLOOP 


173304 

S*3 



C3 CH rm r"_'i EZH ESS ES£S HSSi BiSS 


■yM 


00:10:02 PAGE 43+ 

: GET SLOPE HND INTERCEPT 


; SK IP INTERCEPT 
5 CLEAR REOB FOR Q BUTTON 
,* I NT ENR REG B 


MASS SPEC HANDLES 


1 

2 

3 

4 

5 

6 

7 
3 

8 
10 
11 

12 13202 037670 

13 

14 

15 

16 
17 
la 

19 

20 
21 


RT-11 MACRO MM02-12 00:10:02 PAGE 44 

.TITLE MASS SPEC HANDLER 


SUBROUTINE GETGAS 

CALL . JSR PC, GETGAS 

WIPES OUT REGISTERS P.0, B1,R2,E3,E4 
ASSUMES R5 IS A TEMP STACK POINTER 

RETURNS FRACTIONAL GAS MALUES FOR MS OUTPUTS AT TIME OF CALLING 
STORES 

F02 IN F021 

FN2 IN FN21 
FN22 

FC02 IN FC021 
FC022 


22 13204 010046 GETGAS: 

MOM 

R0.-CSP1 

23 13206 010146 

MOM 

P,t,-(SP) 

24 13210 010246 

MOM 

R2.-CSP) 

25 13212 010346 

MOM 

R3, -C5P) 

26 13214 010446 

MOM 

E4.-CSP) 

27 13216 004767 

JSE 

PC, SAMGAS 

000212 



2G 13222 010204 

MOM 

R2.R4 ;GET H2.C02 OUT OF FLOATS WAY 

29 13224 010103 

MOM 

81, S3 

30 13226 010045 

MOM 

R0.-CTP) 

31 13230 004767 

JSR 

PC, IR 5 FLOAT 02 COUNTS 

002416 



32 13234 016745 

MOM 

02CF2- - (TP) ; GET COHMERS ION FACTORS 

024414 



33 13240 016743 

MOM 

02CF1.-CTP) 

024406 



34 13244 075025 

FMUL 

TP 

35 13246 010345 

MOM 

R3,-<TP) 5GET N2 COUNTS 

36 13250 004767 

JSE 

PC. IS {FLOAT IT 

002376 



37 13254 016745 

MOM 

N2CF2,-(TP) {CAL FACTOR 

024400 




S3 13260 016743 
024372 

39 13264 075025 

40 13266 010445 

41 13270 004767 

002356 

42 13274 016745 

024364 

43 13300 016745 

024356 

44 13304 075025 

45 13306 010504 

46 13310 016445 

000012 


MOM 

N2CF 1 , - (TP) 

,'CAL FACTOR 

FMUL 

MOM 

JSR 

TP 

E4,-(TP) 

PC, IR {FLOAT 

{MULTIPLY 

;C02 

IT 

MOM 

C02CF2, -(TP) 

j C02 CAL FACTOR 

MOM 

C02CF1 , -(TP) 

{DITTO 

FMUL 

MOM 

MOM 

TP 

TP, R4 :GET STACK POINTER 
1ECE4) , -(TP) {DUPLICATE STACK 


CM X 

V 


® ES Q E3. ua 3 KS3 ES C3 


ES3 ESS EES EOS ESS BSffl ESS 






r ^' } 

,r*“* *n 

lulll li it 

r— i r~~i 

MASS SP T? '~ HANDLER 

BT-11 

MACRO MM 02- 12 

47 

13314 

016445 

000010 

MOM 

18CR4M-CTP) 

40 

13320 

016445 

800006 

MOM 

6 (R4) , -(TP) 

49 

13324 016445 
000004 

MOM 

4(R4),-(TP) 

50 

13330 

016445 

000002 

MOM 

2(F1).-(TP) 

51 

13334 

811445 

MOM 

@R4, -(TP) 

52 

13336 

075005 

FABD 

TP 

53 

13340 

075005 

TADD 

TP 

54 

13342 

012501 

MOM 

CTP)+, R1 

55 

13344 

012502 

MOM 

(TF)+.E2 

56 

13346 

062705 

177774 

ADD 

4 177774 , TP 

57 

13352 

075035 

FDIM 

TP 

53 

13354 

012567 

024316 

MOM 

(TP ) +, FC021 

59 

13360 

012567 

024314 

MOM 

(TP) +. FC022 

60 

i3364 

010245 

MOM 

R2.-CTP) 

61 

13366 

010145 

MOM 

Rl, -(TP) 

62 

13370 

075035 

FDIM 

TP 

63 

13372 

012567 

024274 

MOM 

(TP)+, FN21 

64 

13376 

012567 

024272 

MOM 

(TP) +, FN22 

65 

13402 

010245 

MOM 

R2, -CTP) 

66 

13404 

01R145 

MOM 

R 1 , — (TP) 

67 

13406 

S75035 

FDIM 

TP 

68 

13410 

012567 

024252 

MOM 

(TP)+, F021 

69 

70 

13414 

012567 

024250 

MOM 

(TP)+, F022 

71 

13420 

012604 

MOM . 

CSP)+, E4 

72 

13422 

012603 

MOM 

(SP) +, P.3 

73 

13424 

012602 

MOM 

(SP)+,E2 

74 

13426 

012601 

MOM 

CSP)+,R1 

75 

76 

13430 

012680 “ 

MOM 

(SP) R0 

77 

78 

13432 

000207 

RTS 

PC 



cm EZ3 ' CT3 t33 


00: 10:02 PAGE 44+ 


; SUM OF 02, M2, C02 
iSAME SUM 

; RESTORE TP TO WHAT IT WAS 
jSAME FC02 

;PUT SUM BACK ON STACK 

;SAME NITROGEN FRAC 




MASS SPEC HANDLER 


ET- 1 1 MACRO MM02-12 


00:10:02 PAGE 45 



1 J 

2 1 

3 ; 

4 

5 

6 ; 

7 • 

8 ; 

9 

10 ; 

11 

12 : 

13 

14 ; 

15 ; 

16 

17 ; 

18 

19 

20 
21 
22 

23 

24 

25 13434 016737 SAMGAS: 

023516 

176770 

26 13442 033727 GCKO: 

176770 

000200 

27 13450 001774 

28 13452 100770 

29 13454 013700 

176772 

30 

31 

32 13460 016737 GSRMN2: 

023474 

176770 

33 13466 033727 GCKN: 

176770 

010200 

34 13474 001774 

35 13476 100770 

36 13500 013701 

176772 

37 

38 

39 

40 13504 016737 GSRMC: 

023452 

176770 

41 13512 033727 GCKC: 

176770 

010200 

42 13520 001774 

43 13522 100770 


SUBROUTINE SAMGAS 
CALLING SEQUENCE 

JSR PC, SflMGfiS 

USES FROM RAM 
02CTRL 
N2CTRL 
C2CTRL 

MSMMRT 0-DONT INMERT 

NEGATIME- INMERT 

RETURNS 

R0-ADO2 

R1-ADN2 

R2-ADC02 

ALSO ZAPS R3, R4 


MOM 

02CTRL, 6&ADSR 

; SAMPLE 02 

BIT 

0#ADSR, #200 


BEQ 

BMI 

MOM 

GCKO 

SAMGAS 

@#ADIN,R0 

5 ERROR 

;SAME 02 SAMPLE 

MOM 

N2CTRL, 0#ADSK 

: SAMPLE N2 

BIT 

@#ADSR, #10200 


BEQ 

BMI 

MOM 

GCKN 

GSAMMH 

@#ADIN,R1 

•NOT THROUGH 

;SRME SAMPLED N2 

MOM 

C2CTRL, @#ADSR 

5 SAMPLE C02 

BIT 

0#ADSR, #10200 


BEQ 

BMI 

GCKC 

GSRMC 



to 

co 




CZ3 • CE -ca 


C33 m r ^ 1 r-n ca r^n 


ihmsssh mn&si 

£3C«4 IT--1 T " fi* 


eaa 



44 13524 013702 

176772 

45 13530 005767 

024146 
4G 13534 002003 
47 13536 005100 
4B 13540 005101 
45 13542 005102 

50 

51 13544 000207 SGLV: 

52 


cm cm □ 

RT-11 MACRO 14102-12 

MOV 0 HAD 111, P.2 

TST MSNVET 

BGE SGLV 

COM E0 

COM R 1 

COM 22 

PIS PC 



r I r : l l 1 -'"21 j tC^3 C5S3 BUSS KBS ESI K8H SiSHi 

00:10:02 PAGE 45+ 

; SAVE SAMPLED C02 

:FOE MS WITH NEGATIVE OUTPUTS 


fcu-iagaafeMwv 




mlm 


mss srec handler 


ET-ll MACRO t/ms-12 


00:10:02 PAGE 46 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 

13 

14 

15 


} SUBROUTINE CALMS 
■ ENTER WITH JSR PC, CflLMS 


THIflS ROUTINE READS THE MSTYPE, GETS APPROPRIATE 

GAINS, FULL SCALES, ETC. AND COMPUTES CALIBRATION 

FACTORS FOR THE SIGNALS 

THIS 'ROUTINE DESTROYS RO, Rl, R2, R3, R4 

IT TAKES CONTROL OF THE CLOCK AND RETURNS WITH 

THE CLOCK SHUT OFF. 


FOR READING MS TYPE IT LOOKS AT DRAI BITS 3 AND 4 
CURRENT ASIGNMENT IS FOR 


16 



: 0-SRI MEDSPECT 


17 



; 1-WEST 

PEEKIH ELMEE 


18 



: 2-PE SKYLAB BN 9 CLOSED LOOP 


19 



; 3-PE SKYLAB SN 9 OPEN LOOP 


20 






21 






22 



■ON RETURN 



23 



: R0=0 

OK 


24 



; R0=-1 

BAD CALIBRATION 


25 






26 



; DEFINITIONS 


27 


167774 

GDRfiI=DRAI 


23 


00000 1 

LINCLK= 

*1 


29 






30 

13546 

010546 CALMS: MOW 

R5.-CSP)' 5SAWE R5 


31 

13550 

013700 ' 
167774 

MOW 

®#GDRAI, R0 


32 

13554 042700 

BIC ; 

#177747, R0 ; STRIP GARBAGE BITS 



177747 




33 






34 



; ASH 

#76, R0 ; ROTATE THE 

MOTHER RIGHT 

35 



: (CORRECT FOR ROM COMPATIBILITY) 


36 

13560 

012703 

000076 

MOW 

#76, R3 


37 

13564 072003 

ASH 

R3,R0 


38 

13566 

016067 

017432 

023362 

MOW 

OCTMSO(R0) , 02CTRL 


39 

13574 

016967 

017442 

023356 

MOW 

NCTMSOCR0) , N2CTRL 


40 

13602 

01C067 

017452 

023352 

MOW 

CCTMSO(R0) , C2CTRL 


41 

13610 

016067 

017462 

024064 

MOW 

INWRT0CR0) , MSNWRT 


42 

13616 

016067 MOW CAPDLY(R0) , M5DLY 




017472 

020372 




43 

13624 012705 

MOW 

#31, R5 




000031 




8 5 6 

K 

+ 4 .? • 

v 

k 

•J*V 



r 1 1 

m rrrri 

E3 E33 

1 rT 

rr~i 1 1 


r — 1 r—n r~~i n 








a 


mm s Esa csa." ;D' o tzzn e— i m ra; is ra Eza 5=3 essa ess mm mm 

MASS SPEC HANDLER RT-11 WACKO WM02-12 00: 10:02 TAGE 46+ 


44 13630 016704 MOW , FWDATA.R4 

003682 

45 13G34 005003 CLR P.3 1 ERROR CK CTR 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

5G .IF DF, LINCLK 

57 13636 000001 CSRPT: WAIT 

58 ..EHDC . 

59 

60 

61 

(to 

63 .IF HDF, LINCLK 

64 

65 MOW ' *620,0#PCSB 

66 MOW #040033. OPPOSE 

57 CSRPT: BIT #208. @#PCGR 

68 BEQ CSRPT 

69 B1C #200. @#PCSR 

70 .EHDC 

71 13640 004767 JSR PC, S A MG AS 

177578 

7213644010024 MOW R0, (R4) + 

73 13646 010124 MOW Rl, <R4) + 

74 13650 018224 MOW R2, <R4> + 

75 13652 020267 CMP R2.C02TRS ;C02 ABOWE CAL GAS LEWEL? 

003642 

76 13656 003001 BGT CSRPT1 

77 13660 005203 IHC R3 ; ERROR 

78 - 

79 

80 

81 13662 077513 CSBPT1: SOB R5, CSRPT 

82 13664 020327 CMP S3, #3 

000003 1 

S3 . 13670 082057 BGE ERP.LW 5 BAD CAL GAS . MO 

34 ;C02. MS OFFOR ROOM AIR IN 



-4 ' 

'O '-'V 

Cj. 


'■?> 





MASS SPEC HANDLER 


RT- 11 MACRO W02-1E 


00; 10:02 PAGE 47 


1 

2 

3 

4 

5 

6 


jARRIVING HERE, WE HAVE 25 02, N2, C02 SAMPLES IN RAM STARTING ABOUT FCVDAT 


5 GET R5 BACK 

; ADDRESS OF FIRST 02 SAMPLE 


7 

3 013672 012605 

MOV 

(SP)+,R5 

9 013674 016700 
003616 

MOV 

FVDATA, R0 

10 

13700 016701 
003576 

MOV , 

CGF02, R1 

11 

13704 016702 
003574 

MOV 

CGF02+2, R2 

12 

13 

13710 004767 
000140 

JSR 

PC, CGAVG 

14 

13714 010067 
023732 

MOV . 

E0, 02CF1 

15 

13720 010167 
023730 

MOV 

Rli 02CF2 

16 

13724 016700 
003566 

MOV 

FVDATA, R0 

17 

13730 062700 
000002 

ADD 

42, R0 

18 

13734 016701 
003546 

MOV 

CGFN2,E1 

19 

.13740 016702 
003544 

MOV 

CGFN2+2, R2 

20 

13744 004767 
000104 

JSR 

PC, CGAVG 

21 

13750 010067 
023702 

MOV 

R0,N2CF1 

22 

13754 010167 
023700 

MOV 

E1.N2CF2 

23 

13760 016700 
003532 

MOV 

FVDATA, R0 

24 

13764 062700 
000B04 

ADD 

#4, R0 

25 

13770 016701 
003516 

MOV 

CGFC02, R1 

26 

13774 016702 
003514 

MOV 

CGFCOH+2, R2 

27 

14000 004767 
000050 

JSR 

PC, CGAVG 

28 

14004 010067 
023652 

MOV 

R0, C02CF1 

29 

14010 010167 
023650 

MOV 

Rl, C02CF2 

30 

14014 005000 

CLR 

E0 

31 

14016 

TVPE 

COKM 


14016 012700 
017620 

MOV 

4C0KM, R0 


14022 004767 
001012 

JSR 

PC,LFTGO 

32 

33 

14026 000207 

RTS 

PC 

o 

o 

t \ V. 

, »• 

' 


m- 

cm n 

cm rai 

t *i £ — ; 


;GET CAL GAS VALUES 


t — n tm cm m cm a cm cm 


r ur1 '' *1 i s i 


cm 


mass spec Handler 


ET-11 MACRO VH02- 12 


DF> LIHCLK 


35 

14030 

012700 ERRLV: 
177777 

MOV 

*-l,R0 

36 

14034 

010067 

023134 

MOV 

E0.DUM2 

37 

14040 

012605 

MOV 

(SPH-,R5 

3Q 

14042 


TYPE 

cbdM 


14042 

012700 

017636 

MOV 

tfCBDM,R0 


14046 

004767 

000766 

JSR 

PC/LPTGO 

30 

14052 

000207 

RTS 

PC 


• ENDC 


ERRLV: 


.IF 

CLP. 

HOP' 

MOV 

RTS 

.ENDC 



ra css c=a c=3 esi ess- isss an Bat. pm mm 

00:10:02 PAGE: 47+ 





00: 10:02 PAGE 48 

5 CAL GAS WUUE 
;BTPS 

>A/D l-'ALUE 
; FLOAT IT 


J FLOAT NEXT VALUE 
; AVERAGE THE 25 VALUES 

JDII/IDE SUM BV 25 
V/. = AKG/CCALGAStfBTPS) 


r cCT i csa cn . E™3 E”3 . esi ES3 Hi HH . JSS) 


■ .Hang - . w ..rn' E3 ^ EZD : GZ2 Q IZZ1 HZD CTZI CZ3 CZT3 CZJ CZ3 E-3 ' C3 '• JC3 ESB 


SFIEOMETER CONTEOL ET-ll MACRO WM02- 12 00:10:02 PAGE 49 


1 .TITLE SPIROMETER CONTEOL 

2 . 

3 ; SUBROUTINE SPIEO - MONITOR SPIED STATUS 

4 ; - CONTROL WALWE 

5 *■= - DETERMINE BREATH STATUS 

6 > 

7 ■ i ENTER WITH: R2=SAMFLED SPIROMETER VALUE 

8 •" ; R 1 -DATA BUFFER ADDRESS 

9 ; R04CQUNTER FOR FWDAT 

10 ; E3=GENERAL INDICATOR 

11 . ; SPIROMETER CONTROL - BIT 0 OF DBAS 

12 . ■ ... 

13 . 

14 14154 010046 SPIEO: MOV R0,-CSP) 

15 14156 020267 CMP R2, THESH 

024106 

16 14162 100422 RMI BELOW' 

17 14164 032767 BIT #1, DR AS 

000001 

153576 

18 14172 001432 BEGS OPEN 

19 14174 010200 MOW E2,E0 

20 14176 166700 SUB ML AST j R0 

017624 

21 . 14202 020067 . CMP EC, WTHRSH 

003366 - 

22 14206 100427 BMI LESS 

23 14210 016767 MOW WAITL WWATCH 

023512 • 

017612 

24 14216 010267 MOW . E2, WLAST 

017604 . 

25 14222 0050.67 CLR EOB 

003552 ■' - 

26 14226 0R8431 BE WWRTN 

27 

28 .... • ■ 

29 14238 032767 BELOW: BIT #1,DEAS ;OPEN? 

008001 

153532 

3014236001010 BHE OPEN ;LIES IT IS CLOSED 

31 14248 052767 BIS #1,SRAS 

00000 1 
153522 

32 14243005067 CLE WLAST 

017554 

33 14252 016767 MOW WAITT, WWATCH 

023450 
' 017550 

■34 14260 005002 OPEN: CLR R2 

35 14262000167 JMP WWRTN 

000024 

36 

37 14266 005267 LESS: INC WWRTCH 

0)7536 

38 14272 103407 BMI WWRTN 

39 14274 042767 B1C #1, DEAS 






00:10:02 PAGE 49+ 


tCLEAR PHASED kOL. STACK 




r~~~ T { r ,T '~i . r^a ea^a essa esaa rasa Bea Bags , fa 


ES5! CZZJ d 3 . Cd 

SPIROMETER CONTROL RT- 11 MACRO VM02-12 


d d a a, a ca css 

00: 10:02 PAGE 50 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


.TITLE PHASED-DELAV 

; SUBROUTINE TO SAVE BELOVED VOLUME AND STUFF GAS FRACTIONS ON 
; STACK NOT SYSTEMS STACK 
! ENTER WITH OUTPUT OF SPIRO IN R2 
: AFTER GETGAS 

; EXIT WITH SPIRO- FN2,F02,FC02 
:FUT IN ALINE ON QUHBST 


11 

14416 010046 

DELAY: MOP 

R0,-<SP) 

12 

14420 016700 

MOV 

VOLPTI.R0 

13 

017564 
14424 020027 

CMP 

R0,#VLSTK1 

14 

034014 
14430 001002 

BNE 

DELAY 1 

15 

14432 312700 

MOV 

#VLSTK. P.0 

16 

033566 
14436 0L3220 

DELAY1 : MOV 

R2, CR0) + 

1? 

14440 010067 

mov 

R0, VOLPTI 

iQ 

017544 
14444 QI6700 

mu 

VOLF TO, P0 

13 

017542 
14450 020027 

CMP 

R0 , 4VLSTK 1 

20 

034014 
14454 001002 

BNE 

DELAY2 

21 

14456 012700 

MOV 

#VLSTK, P.0 

22 

23 

633506 
14-162 012002 

DELAY2 : MOV 

(E0)+,E2 

24 

14464 Q10067 

MOV 

E0, VOLPTO 

25 

14470 095702 

TST 

R2 

26 

14472 001006 

BNE 

DARN 

27 

14474 0057G7 

1ST 

LSTCK 

28 

017504 
14500 001033 

BNE 

LVLVLV 

29 

14502 085267 

INC 

LSTCK 

30 

017476 
14506 000402 

BK 

HE WHEW 

31 

14510 005067 

BARN: CIR 

LSTCK 

32 

33 

017470 
14514 816700 

HE WHEW: MOV 

QUAD I, R0 

34 

017500 
14520 020027 

CMP 

P0, 4QUADS1 

35 

036732 
14524 002402 

BLT 

DELAYS 

36 

14526 012700 

MOV 

^QUADST, R0 

37 

38 

034224 
14532 010220 

DELAYS: MOV 

S2, CR01+ 

39 

14534 016720 

MOV 

FN2, CR0H- 

40 

023132 
14540 016720 

MOV 

FN2+2, (R0)+ 

41 

023130 
14544 016720 

MOV . 

F02, (R0>+ 


l£r 

M 


S. fcf 

II 

tsf {3 

•P § 





t=3 a n ez= 3 a cn a ca a 




&sm era ca err? ca era cm era era era era era ssra 

EEPOET BT-’l MACRO WM02” 12 00:10:02 PAGE 51 


.TITLE EEPOET 


; SUBROUTINE EEPOET - 0TE1 
; ASSUMES COMPLETION OF FWC AND WO 

: MANEUWERS . 


9 014574 


10 

11 

IS 14600 

13 14602 

14 14604 

15 14606 

16 14610 

17 14612 

18 14614 


012705 RPT: 
937112 


MSTK, TP 


19 

20 

21 14620 


000240 

000240 

000240 

000240 

000240 

000240 

004767 

167556 


.•REPLACES 2 MOWE INSTRUCTIONS 
: ■ CEOM COERECT I OH AGAIN) 

NOP 

NOP 

HOP 

NOP 

HOP 

HOP 

JSR PC-W035 


22 14624 

23 14630 


016700 

153150 

042700 

177778 

062700 

0Q0O60 


; PRINT TITLE 
MOW 


DEAL BO 
*177770, E0 
#60,-R0 


; PR I NT TITLE 
j PETBUF TITLE, 2 

; (FAKE MACRO, SO WE CAN GET SUBJECT NUMBER 


28 

14634 

004567 

001716 

J3R 

R5r BUFLOD 

29 

14S40 

017052 

TITLE 


30 

14642 

000002 

2 


31 

14644 

1 10067 
022370 

MOWB 

R0,BUFFER+40 

32 

14650 

012700 

037200 

MOW 

^BUFFER. RB 

33 

14654 

004767 

000160 

JSR 

FCj LPTGO 


34 

35 

36 

37 14660 


30 14666 

.-3<5" 

40 14670 


;MAKE SURE PE INTER IS DOME BEFORE LOADING “BUFFER" 
132767 KT1: RITB *LPEM- LPTSE 

000100 
153062 

001374 BNE KT1 

; MAKE SURE TTV IS DONE 
122777 CMPB *377,0 TTVGO 


41 14676 

42 

43 14700 


022272 

061374 


004567 RPT1: 
001652 


.-6 

R5, BUFLOD 









REPORT ET-11 MACRO 14102-12 00:10:02 PAGE 51+ 


14704 

14706 


48 14710 

49 14716 

50 14722 

51 14726 

52 

53 14732 

54 14736 

55 14742 

56 

57 14746 

58 14752 

59 14756 


017114 

000016 


012767 

037214 

022260 

012704 

034076 

012700 

000004 

004767 

800064 

062704 
000004 
012700 
00000 1 
004767 
000050 

062704 

000810 

012700 

000011 

004767 

000034 


•NOW FILL IN NUMBERS 


«UFFEB+12..FLM2 

#0UTAR,R4 
#4, E0 
PC, RPTSB 

#4- R4 
#1,R0 
PC, RPTSB 

♦10. B4 
#11. R0 
PC, RPTSB 


: FIRST AMR TO INSERT DIGIT 


14762 

14762 012700 
037200 
14766 004767 
000046 


BUFFER 
♦BUFFER, E0 

PC, LPTGO 


14772 132767 KT2: 
060190 
152750 
15000 001374 


irLPEN, LPTSE 


BNE KT2 

5 WAIT FOR TTV TO FINIHS 


68 

15002 

122777 

000377 

022160 

CMPB 

#377, BTTVGO 


69 

15010 

001374 

BNE 

.-6 


70 

15012 

000207 RPT2: 

RTS 

PC 


71 

15014 

15014 

104350 

-EXIT 

EMT 

^0350 


m 3 o eg ESI ESI 






men sss ra czj err err? era err err err rrr esa ict esa s ens . b®s 

REPORT RT-11 MACRO WM02-12 00: 10:02 PAGE 5? 


: SUBROUTINE RPTSB 


4 015016 00476? 

000066 

RPTSB: 

JSR 

PC, FORMAT 

5 015022 062704 
000004 


ADD 

#4. R4 

C 015026 06276? 

000024 

022142 


ADD 

*24, FLM2 

7 015034 077010 


SOB 

EC, RPTSB 

8 015036 80020? 

9 

10 


P.TS 

PC 

11 

12 

5 PANEL 

J 

PE INTER 

START ROUTINE 

13 15040 01006? 

822G04 

LPTGO: 

MOW 

R0, PETGO 

14 15044 032767 
00000 1 
152712 


BIT 

SPRTBM, DEB I 

15 15052 001407 


BEQ 

LPTGO 1 

16 15054 152767 
000100 
152666 


BISB 

#LPEN, LPTSR 

17 15062 000240 


NOP 


18 15064 112767 

000200 

152661 

19 


MOWB 

*200, LPT 

20 15072 032767 
000002 
152664 

LPTG01 : 

BIT 

*TTYBM, DEB I 

21 15100 001402 


BEQ 

LPTG02 

22 15102 01A067 

022062 

23 


MOW 

R0, TTYGO 

24 15i06 000207 

25 

26 
2? 

LPTG02: 

* 

RTS 

PC 


;LPT SWITCH ON 


; BET 1NTEN 


; START LPT CARRIAGE MOWING 


G> & 

?.g 

?•! 

*■& 

re 3 

Q 


6 d 


■».-■ - 'i i. .■ ‘‘if ■ 






KEPQKT EIT-11 me RO M102-1 2 


00:10:02 PAGE 53 


1 JSUBSOUTIHE FORMAT - INTERFACE BETWEEN REPORT AND 


2 ; 

3 « 

FFMT 

(FLOAT TO ASCID 

4 0131 10 010046 FORMAT: 

MOW 

R0.-(SP) 

5 015112 010146 

MOW 

Rl,-(SP) 

6 015114 010246 

MOW 

R2,-(SP) 

7 015116 010346 

MOW 

R3,-(SP) 

0 015120 010446 

MOW 

R4,-(SP) 

0 

10 15122 016746 

MOW 

FLM2,-(SP) 

022050 



11 15126 016746 

MOW 

FV,-CSP) 

002410 



12 15132 016746 

MOW 

FX.-CSP) 

002406 



13 15136 016446 

MOW 

2(R4),-(SP) 

000002 



14 15142 016446 

MOW 

0(R4),-(SP) 

000000 



15 15146 004767 

JSR 

PC, FFMT 

000020 



16 



17 15152 010367 

MOW 

S3, LSTAD 

022010 



18 15156 012604 

MOW 

CSP)+, R4 

IS 15160 012603 

MOW 

(SP)+, S3 

20 15162 012602 

MOW 

(SP)+, P.2 

21 15164 012601 

MOW 

(SP1+.R1 

22 15166 012600 

MOW 

CSP)+,R0 

23 15170 00Q207 

RTS 

PC 


24 

25 

26 
2F 
28 
29 
38 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 008860 CHAE=G8 

49 


oo "V %» 

»_o ** V- 


cra -03 o lzj czn o C33 era o o o o ra o eo ca. ea 


.TITLE FORMAT 

FFMT: ROUTINE TO PROVIDE LIMITED F FORMAT CAPABILITIES. 

WILL PROVIDE FX.Y FORMAT 

X-NUMBER OF DIGITS TO PRING TO LEFT OF DECIMAL. ACCEPTABLE RANGE 1-5. 

MAXIMUM MAGNITUDE OF NUMBER 3276? 

V-HUMBER OF DIGITS AFTER DECIMAL RANGE 0-4 
TOTAL NUMBER OF SPACES REQUIRED IS X+V+l+CIIF V>0, 0 IF V=0) 


CALLING SEQUENCE 

MOM ADD.-(SP) PUSH STARTING ADDRESS 
MOW V,-(SP) PUSH S' OF FX.V 

MOW X,-(SP) PUSH X OF FX.V 
MOW FLOW, ^CSP) PUSH LSW OF FLOAT 

MOW FHI.-(SP) PUSH MSW OF FLOAT 

JSR PC, FFMT 


;CALLS MODIFIED ROUTINE RI WHICH USES R5 AS TP 
•ZAPS R0-R4 


E23 



BBSS' « ess . a nnn rm r~i a m n tzn ra ess esh bb h 


FORMAT RT-ll MACRO MM02- 12 00: 13:02 PAGE 54 


S 615172 016603 FFMT: MOP* 12CSP),R3 ;GET STORAGE ADDRESS 

000012 

2 015176 313304 MOM GCSF),E4 ;GEYT X OF FX.Y 

060006 

3 3 (5202 060433 ADD E4, R3 ;SUM THEM 

4 815294 005203 INC R3 5 MAKE R3 POINT TO LAST BYTE OF MANTISSA 

5 3152G6 SI £366 MOM R3, 12CS?) : PUT BACK IN STACK 

000812 

6 0154i2 8B5766 TST 2(SP) : NEGATIVE? 

006002 

7 015216 3850 15 BGT FMPLUS 'POSITIVE 

6 015228 081552 BEQ FMZBO ;ZERO 

6 015222 013645 MOM 4CSP),-CTP) 

0fl 3004 

10 15226 A13645 MOM 2CSP),-CTP) ;PUT FLOATING NUMBER ON STACK 

0C3002 

11 35232 036745 MOM FMFM1+2, -CTP) 

8K 2276 

I£ 15236 0 : 6745 MOM FMFML-CTP) ;GET MINUS 1 ON STACK 

0(12270 

13 15242 B"5025 FMUL TP 

14 15244 116743 MOMB FMMINS,-CR3) ;PUSH MINUS SIGN ON OUTPUT AFTER MAKING THE NUMBER + 

0 32254 

15 15258 8 30406 BR FHMANT 

IS 

17 

IS 15252 116743 FMPLUS: MOMB FMSPC,-CR3) 

£ 62247 

19 15256 ( 16645 MOM 4CSF),-CTF) ; GET THE POSITIME NUMBER 

( 00004 

20 15262 H16645 MOM 2<SPK-(TP) 

10A002 

21 15266 110500 FMMANT: MOM TP.RG 

22 15278 3 16045 MOM 2CR0),-CTP) 

300002 

23 15274 311045 MOM CE0),-CTP) 

24 15276 016745 MOM F327G8+2, -CTP) 

002226 

25 15302 816745 MOP* F32768, -CTP) 

802220 

26 15306 075015 FSUB TP 

27 15310 010005 MOM R0,TP 

28 15312 005765 TST -4CTP) 

177774 

29 15316 002403 BLT FMMAN 

30 15326 062705 ADD #4, TP 

000004 

31 1532* 000534 BR FMERRO 

32 

33 1532' 010500 FMMAN: MOM TP,R0 

34 15331 A 16045 MOM 2(R0),-fTP) 

000002 

3515331011045 MOM (R0),-CTP) 

36 1532 i 004767 JSR PC.RI 

000404 

37 153-i 2 011500 MOM CTP) , R0 

33 



[■SE15PWV3TH! 


4 + 


39 

43 15344 804?6? FMOK : JSR Pc/lR 

030302 

41 15350 0F5015 FSUB TP ;TP HOW POINTS TO DIFFERENCE 






kh wem mm a a ■ csa c=z Eza c— : cza Eza ca n=n 

FOE MAT ET-11 MACRO VM32-12 00: 10:02 PAGE 55 : 


2SSS3 lESIS&El 


' FlT 'iHIS POINT WE HAWE X IN R4, FIXED MANTISSA IN R0 
; ADDRESS OF LSD IN R3 
SIGN IN CB3) 

5 (TP) , (TP+23 IS FRACTION WE WILL OUTPUT LATER 


G 015352 

010001 

FMNDG: 

MOW 

R0.E1 

7 01 53S4 

005008 


CLR 

E0 

s 



* 

> 

DIM 

#12, R0 

9 015S56 

071837 


DIM 

B#C12,R0 



070716 




10 

15362 

0627Q1 

000060 


ADD 

#60, R1 

11 

15366 

1 1 1302 


MOWS 

CR3) , R2 

12 

15370 

110113 


MOWB 

Rl, CR3) 

13 

15372 

1 18243 


MOWS 

R2, -CR3) 

14 

15374 

085700 


TST 

R8 

15 

15376 

001484 


BEQ 

FMLASP :VES 

16 

17 

154O0 

077414 


SOB 

R4, FMNDG 

18 

19 






20 

15402 

062785 

000084 


ADD 

#4, TP 

21 

15406 

0UM533 


P.D 

FMEKRO 

22 

15410 

005784 

FMLASP: 

TST 

R4 

23 

15412 

001403 


BEQ 

FMFRAC 

24 






25 

15414 

1 16743 
002105 

FMFRA: 

MOWB : 

FMSFC, -<F,3) 

26 

15420 

377403 


SOB 

R4, FMFRA 

27 






28 






29 






30 

15422 

816604 FMFRAC: 

MOW ■ 

10 (SP) , R4 



000010 




31 

1542Q 

083003 


BGT 

FFRCCT 

32 

1.5.430 

062705 

000604 


ADD 

#4, TP 

33 

15434 

000437 


BR 

FTHROU 

34 

15436 

616745 

002676 

FFRCCT: 

MOW 

FMF1GK+2, -CTP) 

35 

15442 

016745 

002070 


MOW . 

FMF18K, -(TP) 

36 

15446 

075M25 


FMUL 

TP 

37 

15450 

004767 

000272 


JSR 

PC, R I (FIX F 

38 

15454 

(3(2500 


MOW : 

(TP)+,R0 

39 

15456 

016OU3 

080012 


MOW 

12CSP) , E3 

49 

15402 

1 16723 
0.17035 


MOWB 

FMDQT, (R3) + 

41 

15466 

812702 

030004 


MOW 

#4, R2 

42 

15472 

810881 

FMRPTR : 

MOW 

R0,R1 

43 

15474 

005000 


CLR 

R0 

44 



3 

DIW . 

#12, R0 

45 

15476 

071037 


D1W 

@#C12,R0 ■ 


; MAKE REMAINDER A CHARACTER 


5 IS IT 0 


•GETTING HERE IS AN ERROR 
5 CLEAN UP STACK 


NOT ENOUGH 


’ GET V 


5 GET ADDRESS OF OUT 


Q 3 

If 

II 

» a 

B K 


I 


FORMAT ET-11 MACRO HM02-12 00:10:02 PAGE 55+ 

070716 


46 

15502 062701 
000060 

ADD 

*CHAR«Ri 

47 

15506 010145 

FIQ|/ 

R1,-CTP) 

43 

15510 077210 

BOB 

R2> FMRPTR 

49 

15512 016600 
000010 

M0|/ 

10(SP>,RB 

50 

15516 012702 

MOl/ 

#4, EE 

51 

000004 

‘ 


52 ,15522' 012501 

SWEPT: MO!/ 

CTP)+,Rl 

53 

15524 005300 

DEC 

R0 

54 

15526 002401 

BLT 

FLPND 

55 

56 

15530 110123 

MOl/B 

El, (R3) + 

57 

15532. 077205 

FLPND : SOB 

R2, FMMRPT 

58 

15534 611600 

FTHEOU: MOM 

(SP),R0 

59 

15536 062706 
000012 

- ADD 

#12, SP 

60 

15542 010016 

MOl/ 

R0, (SP) 

61 

62 

63 

64 

15544 000207 

RTS 

PC 

65 

15546 0 16600 FMHRO: M0!7 

000012 

12(SP),R0 

66 

15552 016601 
000006 

MOl/ 

6(SP),R1 

67 

15556 112740 
000060 

MOl/B 

#CHAR,-(R01 

68 

15562 116740 
001737 

ZLP: MOl/B 

FMSPC,-CR0) 

69 

15566 077103 

SOB 

R 1 , ZLP 

70 

15570 016600 
000012 

FM5Z0: MOl/ 

1HCSP) , R0 

71 

15574 016601 
000010 

MOl/ 

10(SP) , R1 

72 

15600 301755 

BEQ 

FTHROU 

: 73 

15602 116720 
001715 

MOl/B 

FMDOT, <R0) + 

74 

15606 112720 
000060 

FMZOF : MOl/B 

#CHAE, (R0)+ 

75 

15612 077103 

SOB 

Rl, FMZOF 

76 

77 
70 

15614 00074? 

BR 

FTHROU 

79 

15616 01S600 
000012 

FMEKRO: MO|/ 

12CSP) , R0 

80 

15622 016601 
000006 

MOl/ 

6(SP),R1 

81 

15626 160100 

SUB 

R 1 , R0 

82 

15630 005300 

DEC 

R0 

83 

15632 066601 
003010 

ADD 

10CSP), Rl 

84 

15636 062701 
000002 

ADD 

#2,R1 

85 

15642 116720 

FMERER: MOl/B 

FMAST, (R0) + 


;GET V 


FORMAT BT-U MACRO m32~ 12 


00:10:02 PAGE 55+ 


HO 1654 

86 15646 077103 SOB RLFMEERR 

07 15650 000731 BE FTHSOU 



C=3 C=3 C=3 EZ3 C=3 C=3 E= B5B BS 




r 

f > 


INTEGER TO SEAL RT“ll MACRO VM02- 12 BB: 10:02 PAGE 5G 


1 

2 

3 

4 

5 

6 
7 

e - 

.9 0 1 5352 

10 15654 

11 15656 

12 15660 


•TITLE INTEGER TO REAL 
INTEGER TO REAL CONVERSION 


ARGUMENT IS A FULL WORD ON THE TOP OF THE STACK. 
CONVERT IT TO A REAL FORMAT AND RETURN IT AS THE 
TOP TWO WORDS ON THE STACK. PI 13. PPMP-tl USER'S MANUAL. 


13 15664 

14 15666 

15 15670 

16 

17 15672 
15674 


010146 

010246 

005045 

016501 

000002 

003002 

001424 

005401 


IR: 


MOV 

MOV 

CLR 

MOV 


BGT 

BEQ 

NEG 


18 


19 15700 


20 

21 15704 

22 15706 

23 15710 

24 15712 

25 

26 15714 


006145 

012702 

000220 

105065 

000004 


POS: 


EOL 

MOV 


CLRB 


006101 

103402 

005302 

000774 


NOM: 


ROL 

BCS 

DEC 

BR 


NOD: 


27 15720 
20 15722 
15724 
15726 
15730 
15732 


29 

30 

31 

32 


33 15736 

34 15740 

35 15742 

36 15744 


37 

38 


110165 
000005 
105001 
150201 
000301 
006025 
006001 
106065 
000003 
010115 
012602 ZER: 
012601 
000207 


MOVB 


CLRB 

BISB 

SWAB 

ROR 

ROE 

RORB 


MOV 

MOV 

MOV 

RTS 




r*- 

C Q 




m EZ3 c~~i 




RL-(SP) 

R2,-CSP) 

- (TP) 5 MAKE ROOM FOR RESULT 
2 (TP), El ;GET INTEGER ARGUMENT 


POS 
ZER 
R 1 


;GET ABSOLUTE VALUE 


-CTP) ;SAVE SIGN 

#220, R2 ; GET MAX POSSIBLE EXP+1 


4 CTP) J CLEAR LOWEST ORDER FRAC. 


Rl 

NOD 

R2 

NOM 


: LOOK FOR NORMAL BIT 
;JUMF IF FOUND 
■.DECREASE EXPONENT 
•TRY AGAIN 


Rl, 5(TP) 


:SAVE LOW ORDER FRAC. 


El 

R2.R1 

Rl 

(TP)-I- 

i 


5 COMBINE EXP AND LOW ORDER FRAC. 


it 


:GET SIGN 

; INSERT S IGN IN RESULT 


E1,0TP ; OUTPUT RESULT 

(SP)+,R2 

(SP)+, R 1 

PC 


E3 "EZZZI HU . o 






SS3 S3 33 03 


EERL TO INTEGER ET- 1 1 MACRO 14*102-12 00:10:02 FAGE 57 


.TITLE REAL TO INTEGER 
SEAL TO INTEGER CONVERSION 

ARGUMENT IS A DOUBLE WORD REAL NUMBER ON THE 
TOP OF THE STACK. TRUNCATE IT AND CONVERT IT 
TO AN INTEGER ON THE TOP OF THE STACK. 


9 015746 

016146 

RI: 

MOV 

RI, -CSP) 

10 

15750 

O10246 


MOV ' 

R2,-CSP) 

11 

15752 

010346 


MOV 

R3.-(SP) 

12 

15754 

005002 


CLR 

R2 

13 

15756 

005202 


INC 

R2 

14 

15760 

012501 


MOV 

(TP)+,R1 

15 

15762 

006115 


EOL 

OTP 

16 

15764 

006101 


ROI. 

El 

17 

15766 

006145 


ROL 

-CTP) 

18 

15770 

110103 


MOVB 

R1,R3 

19 

15772 

105001 


CLRB 

Ri 

20 

15774 

000301 


SWAB 

RI 

21 

15776 

162701 

000201 


SUB 

4201, RI 

22 






23 

16002 

002432 


BLT 

ZERRI 

24 

16004 

001410 


BEQ 

ONERI 

25 

16006 

02270 1 
000017 


CMP 

415. . RI 

26 

16012 

002422 


BLT 

OVER I 

27 

16014 

000303 


SWAB 

R3 

28 

1G016 

105003 


CLRB 

R3 

29 

16020 

156503 

000003 


BISB 

3 (TP) , R3 

30 






31 

16024 

073201 

SFTRI: 

ASHC 

R1,R2 

32 

16026 

005402 

ONERI : , 

NEG 

R2 

33 

16030 

102411 


BV5 

NGMRI 

34 

16832 

003012 


BGT 

OVRRI 

35 






36 

16034 

306025 

SGNR1: 

ROR 

(TP) + 

37 

16036 

1.03401 


BCS 

OUTRI 

3fi 

^ a 

16040 

005402 


Meg 

R2 

40 

16042 

018215 

OUTE I : . 

MOV 

K2,@TP 

41 

16044 

012603- 


MOV 

CSP) +, R3 

42 

16046 

012602 


MOV 

CSP)+, R2 

^3 

16050 

01260 1 


MOV 

CSP)+, RI 

44 

45 
40 

16052 

060207 


RTS 

PC 

16054 

006025 

HGMRI: 

ROR 

CTP) + 

47 

16056 

103771 


BCS 

OUTRI 

40 

16060 

005745 

OVERT: 

TST 

-CTP) 

49 

16062 

0008U0 


HALT 


50 

16064 

000401 


BR 

ZERRI 

51 

1606S 

003 


.BYTE 

3 

52 

16067 

026 


.BYTE 

22. 

53 

16070 

005002 

ZERRI: 

CLR 

R2 

54 

16072 

000760 


BR 

SGNRI 


5 CLEAR WORK SPACE 
)SET UP NORMAL BIT 

i GET REAL ARGUMENT 
: GET SIGN 
:AND 

; SAVE IT 

SGET HIGH ORDER FRACTION 
•GET EXPO NENT 


IF TOO SMALL 


; JUMP IF IT IS TOO BIG 

;FORM 1G BITS OF HIGH ORDER FRACTION 


MAKE - 

5 JUMP IF POSSIBLE NEGMAX 
; JUMP IF MORE THAN 15 BITS 

; GET S IGN 
5 JUMP IF - 
RESULT 

; STORE INTEGER RESULT 


:OK IF RESULT TO BE - 
:FAKE SIGN 


: ANSWER IS ZERO 


om 

81 

ll 


sg 

H i-3 


LEAST SQUARES ROUTINES RT-1I MACRO 14^02-12 


00: 10 ; 02 FAGE 58 


1 


.TITLE 

LEAST 

SQUARES ROUTINES 

2 016074 010046 

CLRSUM: 

MOl/ 

R0,-(SP) 

3 016076 

010146 


rw 

R1 » - CSP) 

4. 016100 

012700 

037004 


IW 

#EX, R0 

5 016164 

012701 

000012 


MO!/ 

#12, R1 

g 

7 016110 

005020 

CLRSU 1 : 

CLE 

CP.0H- 

S 016112 

077102 


SOS 

Rl, CLRSU 1 

9 016114 

012601 


my 

CSP)+,R1 

10 16116 

012600 


M01/ 

(SP)+. R0 

11 16120 
12 

000207 


ETS 

PC 


13 

14 

15 

16 
1? 
18 


19 

16122 

004767 BTPS : 
177524 

JSR 

PC, IR 

26 

16126 

016745 

000534 

mu 

SLI/+2, -(TP) 

21 

16132 

016745 

000526 

my 

SLIA-(TP) 

22 

16136 

075025 

FMUL 

TP 

23 

16140 

016745 

000626 

M0|/ 

BTPSF+2, -(TP) 

24 

16144 

016745 

000620 

my 

BTPSF, -(TP) 

25 

1615B 

075025 

FMUL 

TP 

26 

27 

16152 

000207 

RTS 

PC 


40 

r- 


EC3 EC3 


rm cm 


mm cm cm cm mm emu mm mm cm cm cm cm cm era 



mmmm 




mmmsmBmsm g . wmm 


mm a^M ®5j ess C3 eb £—3 m t”3 czn et~j ra cb esj b 

LEAST 'JQUREES KOUTIMES ET-1I MACRO WM02-12 00:18:02 PAGE 53 


1 


; RETURNS WITH 

TP, TP+2 SLOPE 

2 




3 016154 

010046 

LSQ:MQW R0,-CSP) 

4 016156 

010146 

MOM 

Rl.-CSP) 

5 016160 

016745 

U20S40 

MOW 

HFL,-(TP> 

6 0161 64 

004767 

177462 

JSR 

PC, IR 

7 016170 

616745 

820626 

MOL' 

EX2+2,-<TP) 

8 016174 

016745 

02062O 

MOL' 

EX2, “(TP) 

9 0162S0 

075025 

FML1L 

TP 

10 1G2W2 

016745 

020680 

MOM 

EX+2,-(TP) 

11 16206 

016745 

028572 

M0!' 

EX, - (TP) 

12 16212 

R 167 45 

MOM 

EX+2, -< TP) 


020570 



13 16216 

016745 

02Q562 

M01' 

EXj -CTP) 

14 16222 

075825 

FMUL 

TP 

15 16224 

075015 

FSUE 

TP 

16 16226 

032500 

MOM 

(TP)+,E0 

17 1623Q 

0125P1 

MOM 

(TP) +. P 1 

18 16232 

616745 

020504 

MOW 

EX2t£,“CTP) 

19 16236 

U 16745 
020556 

MOL' 

EX2,-CTP) 

20 16242 

016745 

020544 

MOM 

EV+2,-(TF) 

21 16246 

016745 

620536 

MOM 

EV, “(TP) 

22 16252 

975025 

FMUL 

TP 

23 1G254 

016745 

MOM 

EX+2, - (TP) 

24 16260 

016745 

020520 

MOM 

EX, -(TP) 

25 16264 

016745 

020526 

MOM 

EXY+2, -(TP) 

26 16278 

016745 

020520 

MOM 

EXV,-(TF) 

2? 16274 

O75025 

FMUL 

TP 

28 16276 

075G15 

FSUB 

TP 

29 16300 

018145 

MOM 

P.1, -CTP) 

30 16302 

010045 

MOM 

R0 , - ( TP ) 

31 16384 

075035 

FDIM 

TP 

32 163P6 

016715 

MOM 

NFL, -CTP) 


020512 



33 16312 

004767 

1 t ? r ? i 7 r 7 .4 

JSR 

PC, IR 

34 163 1C 

016745 

020474 

MOM 

EXV+2, - (T?) 

35 16522 

016745 

020466 

MOM 

EXV, - CTP) 

36 16326 

075025 

FMUL 

TP 

37 16330 

016745 

MOM 

EX+2, - (TP) 


TP+4, TP+6 INTERCEPT 


'f X . ’V^aL- ■ - - ':. ms mMl 




! ;; • i- • 4 'ihi 


LEAST SGURRES ROUTIiiES RT-il MACRO vmZ-12 


00:10:02 PAGE 59+ 


020452 


38 

16334 

016745 

030444 

M01V 

EXi-CTP) 

39 

16340 

016745 

020446 

my 

EY+2, -(TP) 

40 

16344 

016745 

020440 

MOV 

EV,“tTP) 

41 

16350 

075025 

FMUL 

TP 

42 

16352 

075015 

PSUB 

TP 

43 

16354 

010145 

IW 

R l j - ( TP ) 

44 

16356 

010045 

IW 

R0,-CTP) 

45 

16360 

075B35 

FE W 

TP 

46 

16362 

012601 

my 

(SP)+,R1 

4? 

16364 012600 

my 

(SP) +# R0 

48 

16366 

000207 

RTS 

PC 


03 

r 

oc? 


L . 

* » 


E3E3 S3 Q S3 E53 S3 S3 S3 S3 S3 S3 S3 S3 S3 S3 S3 S3 S3 S3 


XZ 








AJSs^l 








u? {U "SI O lTI £>* 03.r0 


i _ i _____ Ess era ra bsj 

LFR5T SQUARES ROUTINES KT-11 MACRO VM02-12 00: 10 S 02 PAGE 60 


X+2.-CTP) 
'A, -Cl?') 


; CALLING ORDER: 

3 MOV 

. : MOV ■ - 

; MOV Y+2.-(TP) 

•RETURNS 1 * WITH TF RESTORED TO VALUE PRIOR 
;T0 PLACING THE A AND V VALUES ON THE Sinus 


Ipr 


10 

12 16370 G 10046 SUI IH: MOV 

13 16372 010500 MOM 

14 1S374 016045 MOV. 

000002 M . (J 

15 16400 011043 MOM 

IS 16402 0 1 8045 MOV 

000006 

17 10406 016045 MOV 

0B0O04 

18 16412 075025 FMUL 

13 16414 016745 MOV 

G20376 

20 16470 010745 MOV 

028370 

21 16^4 g?5flP5 FhDP 

22 10470.012567 MOV 

020302 

16432 012507 MOV 

0^03 60 

16430 016045 MOV 

000006. 

16442 01 6045 MOV 

000004 

20 10446 016845 MOV 

00001)6 

27 10452 016045 MjV 


23 

24 

25 


Q000B4 

23 16450 O75025 

FMUL 

23 16400 01 67 45 

MOV 

G20336 

MOV 

30 16404 016745 

020330 

31 16470 075O05 

FORD 

32 1.64(2 012567 

MOV 


23 16476 f) 12567 

mv 

wmzu 

34 10502 0 16745 

. mv 

028304 


35 16596 Hi 6^45 

! '\\j\c 

36 16512 075.Ui5 


37 16514 0124*7 

Mv»P J 

> ,10270 

30 16520 012567 

mv 

U^268 


R0.-CSP) 

TP* R0 

2(E0)*-(TP) 

<P.0)*-(TP) 
6(RQ) * -(TP) 

4<R8i * -CTP) 

TP 

EXY+2* -(TP) 
EXV*-CTP) 

TP 

(TP)+* EXY 
CTP) K EXV+2 
6 ( R0) * -CTP) 
4CE0) .-CTP) 
6<F,0)*~(TP) 
4CRQ) * -<TP) 
TP 

EX2+2* - (TP) 
EX2.-(TP) 

TP 

(TP)+* EX2 
(TP)+< EX2+2 
nv+2.-(TP) 
EY. - (TP) 

TP 

CTP)+*EY 
(TP) +< EY+2 


%% 


^ Q\ 

rd *4 

%% 




LEAST SQUARES ROUTINES RT-11 MACRO 14102-12 00:10:02 PAGE 60+ 


39 

16524 

016745 

020256 

KOV 

EX+2.-CTP) 

40 

16530 

016745 
020250 : 

WV 

EX, -(TP) 

41 

16534 

075005 

FADD 

TP 

42 

16536 

012567 

020242 

M0I7 

<TP)+, EX 

43 

16542 

012567 

020240 

MOV' 

(TP) V, EX+2 

44 

16546 

005267 
020252 . 

INC 

NFL 

45 

16552 

012600 . 

rw 

(SP)+, C0 

46 

47 

16554. 006207 

ETS 

PC 





TEXT BUFFER LCHP 


RT-U MACRO WISE- 12 00: 


.TITLE TEXT BUFFER LORD 


SUBROUTINE BUFLOD 
CALLING SEQUENCE 


5 

6 

7 

8 



;AL 

* 

asp. 

ADDE OF 
NUMBER 

R5, BUFLOD 
MSG 

OF LINES 

9 016556 

010046 

BUFLOD: 

MOV 

R0j-(SP) 

10 

16568 

010146 


MOV 

Rl.-CSP) 

11 

16562 

010246 


MOV 

P2.-CSP) 

12 

16564 

010346 


MOV 

R3, ~(5F) 

13 

14 

16566 

010446 


MOV 

R4> -f SP) 

15 

16570 

01270U 

037200 


MOV 

^BUFFER, P0 

16 

16574 

012501 


MOV 

CR51+, Rt 

17 

16576 

012702 

000040 


MOV 

*40, R2 

18 

16602 

012703 

000023 


MOV 

*19., S3 

19 

20 

16606 

012504 


MOV 

(P.5) i . R4 

21 

16610 

112120 

BUF1: 

MOVB 

(Pi • =-, CFO)- 

22 

16612 

001401 


BEG 

BUF2 

23 

24 

166 14 

077303 


SOB 

R3, BUF 1 

25 

26 

16616 

16620 

005300 

000240 

BUF2: 

DEC 

NOP 

RO 

27 

16622 

110220 


MOVB 

E2, (R0)+ 

28 

29 

16624 

077302 


SOB 

R3, W.IF2+4 

30 

16626 

112720 

000000 


MOVB 

*0, f R0) + 

31 

16632 

112703 

000023 


MOVB 

*19 . - R3 

32 

16636 

077414 


SOB 

P.4, BUF1 

33 

34 

16640 

1 12720 
177777 


MfiVB 

4-1. (R0)+ 

35 

16644 

012604 


MOV 

CSF)+,R4 

36 

16646 

012603 


MOV 

(SP)+,P,3 

37 

16658 

012602 


MOV 

(SP) +, R2 

38 

16652 

012601 


MOV 

CSP1+, El 

39 

40 

16654 

012600 


MOV 

(SP)+,R0 

41 

42 

16656 

000205 


RTS 

R5 







: ■ 

war t able Data 


RT-1I MACRO WM02-12 


00:10:02 PAGE 62 


•TITLE VARIABLE DATA 

•LOCATE FIRST PART IN RAM 
020000 . =20000 

VARIABLE DATA SECTION 

*,TO BE LOCATED SOMEWHERE IN RAM 


3 020000 

000000 

EOB: 

.WORD 

0 

10 

20002 

000000 

FWADR: 

.WORD 

0 

n 

20004 

000000 

FWCNT: 

. WORD 

0 

12 

20006 


FWDAT: 

.BLKW 

2200. 

13 

30466 


Z: 

.BLKW 

290. 

14 

31306 


Y: 

.BLKW 

200. 

15 

32126 


X: 

. BLKW 

200. 

16 

32746 


W: 

.BLKW 

200. 


; COUNTER FOR NUMBER OF POINTS 


1? 

IS 

19 

20 33566 

21 34014 

22 34016 

23 

24 34020 

25 

26 34022 

27 34024 

28 

29 34026 

30 34030 

31 

32 34032 

33 34034 
34036 

34 34040 
34042 

35 34044 

36 34046 

37 

38 34050 
34052 

39 34054 

40 34056 

41 34060 

42 34062 
34064 

43 34066 
34070 

44 34072 
34074 

45 

46 


; STACK TO HOLD VOLUMES FOR LATER FN2 PHASING 
WLSTK: ; BLKU 75. 

000000 WLSTK1: .WORD 0 

000000 RWPTR: .WORD 0 


000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

041710 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000008 

000000 

000000 


000000 LOCMXW: .WORD 0 ? ADDR+2 OF LOC WITHIN FVDAT OF KAXWL 

;TWO DUMMY WORDS FOR PROM COMPATIBILITY 
.WORD 0 


.WORD 0 


WLAST: .WORD 

WWATCH: .WORD 


; MAX SPIRO SAMPLE 


TCNT: 

TEMP: 


.WORD 

.FLT2 

. FLT2 


L0.2: .WORD 

LI. 2: .WORD 0 

5 DUMMY TO REPLACE ONEH 
.FLT2 100. 


BKCNT: 
VPREW: 
MAXWL: 
MAXFN : 


. WORD 
.WORD 
.WORD 
. FI.T2 


WSUM: . FLTH 


NSUM: 


. FLT2 0 


: BREATH COUNT IN N2 WO 


; SUM OF DIFFERENCES BETWEEN W0L SAMPLES CD 
; SUM OF ( WOL. DIFFERENCES * NITROGEN GAS FRACTION) 


cm 


E==l S3 ^3 K23 


in a? 


m met* jsssi kti ' ra rm 

ra IRBLE DATA ET- 1 1 MACRO MM02-12 


1 034076.000000 OUTAB; .FLT2 0 

034100090680 

2 034102 000000 .FLT2 R 

034104 00O900 

3 034106 000000 „FLT2 0 

934110000000 

4034112000000 . FLT2 0 

034114 000000 

; WASHOUT VALUES 

934116 000009 » FLT2 0 

034120 000600 

7 034x22 000000 .FLT2 0 

■034124 000000 ■ 

8 034126 00800R .FLTH 0 

034130 000000 

9 034132 000000 .FLT2 '0 

034134 900000 

10 34136 000000 . , FLT2 8 

34i40 000008 

11 34142 000000 .FLT2 8 

34144 000080 . 

12 34 146 000000 .TLT2 0 

.. 34150 008000 

13 34152 000000 .FLT2 0 

34154 008000 

14 34156 800300 .FLT2 0 

341 SB 000000 

15 34162 000000 .FLTH 0 

34164 00000M 

1634166000800 .FLT2 0 

34170000000 

17 34172 000000 . FLT2 0 

34174 000000 

18 34176 000000 .FLT2 0 

34200 000000 

19 ■ 


cm era era era era cm esa m era esa mm 

00:10:02 PAGE 63 

SFH/1 
JFK. ; 

J MMFE 
JMEFE 

JtV)XFM2 AT END OF FIRST EXHALATION . 
jKTAL CAPACITY 

jSLOPE OF LINEAR REGRESSION LINE 
; INTERCEPT OF LIN REG LINE 
JSLOPE OF ALYEOLAR PLATEAU IN HL 
j CLOSING YOLUME 
J RES I DUAL VOLUME 
iVfi/W 
JFEX1/FK 7, 
jFK/VC % 

JC V/VZ % 

JRH-VC 

JCRTNOO/TLC 



WRRIABLE DATA ST-11 MACRO WI02-12 - 


00:10:02 PAGE 65 


034202 
034204 
034206 
034210 
0342 ia 

6 034214 

7 034216 
Q 034220 

9 034222 

10 
11 
12 


000000 

000000 

000000 

000000 

000000 

000074 

000000 

000000 

000000 


CLKFLG: .WORD 
LSTCK : .WORD 
SAWSTK: .WORD 
VGLPTI: .WORD 
WOLPTO: .WORD 
VDELj . WORD 
MSDLY: .WORD 
QUAD!: : .WORD 
QUADO: .WORD 


0 

0 

0 

0 

0 

60. 

0 

0 

0 


;NQ. OP SAMPLES TO DELAV 


; CIRCULAR BUFFER WITH WOLUME, FQ2, FC02 


13 34224 

QUADST: 

. BLKW 

675. 




14 36732 

QUADS Is 

.BLKW 





15 367S4 300000 

16 

QUADNOD 


.140BD 

0 



17 

; CURRENT PHASED 

VOLUMES 

AND GASES 

13 

19 36756 000000 

WWW: 

. WORD 

0 




20 36760 000000 

WWN : . 

.FLT2 

0 




36762 000000 







HI 36764 000000 

WWO: 

• FLT2 

0 




36766 000000 







22 36770 000000 

WWC: 

.FLT2 

0 




36772 000000 







23 36774 000000 

SBCLR: 

.WORD 

0 




24 36776 000000 

SBFLAG: 

.WORD 

0 




25 37000 000000 

ALTFLG: 

-WORD 

0 




26 37002 000006 

WTHESH : 

6 





27 37004 000000 

EX: 

.FLT2 

0* 

3 SUM 

OF 

X W A LUES 

37006 000000 







23 37010 000000 

EVj 

.FLT2 

0. 

;SUM 

OF 

V WALUES 

37012 000000 







29 37014 000000 

EXV: 

.FLT2 

0 » 

;SUM 

OF 

(X*Y) WAALUES 

37016 000000 







30 37020 000000 

EXH: 

. . FLT2 

0, 

;sum 

OF 

(X*X) WALUES 

37022 000000 







31 37024 000000 

NFL: 

.FLT2 

0. 




37026 000000 







32 

J STACK USED BY TP 




33 


.BLKW 

25. 




34 37112 

35 

TSTK: 

.BLKW 

1 




3637114 

WKAR : 

.BLKW 

15. 




37 37152 000000 

PELO: 

• WORD 

0 




38 37154 000000 

39 

40 

PRHI : 

.WORD 

0 




41 

5 CALMS 

BATA 





42 37156 000000 

02CTRL : 

.WORD 

0 




43 37160 000000 

H2CTRI,: 

.WORD 

0 




44 37162 000000 

45 

C2CTRL: 

.WORD 

'0 




46' 

47 37164 000000 

RAD: 

.WORD 

0 




48 37166 000000 

LSTAD: 

.WORD 

0 




49 37170 000000 

TTVGO: 

• WORD 

0 





•3* 

c? 




S3 


m cu czzj cm ca. era a cr ear cs esa es s esi es- 


■ jwui - j i LiiiL.t f M tg i!!. IT L ' m WUP - 1 il 'i H I JJ ilii .IjL j n.M | J | i I „ ■ 'H 1 . 1 1 **, , A! I 




m 


ea e=a sa csa ea es ma ra s Eza c=a ca ezj czzj czd c= 3 ra 


P'flEIHBLE DRTR KT-ll MflCEO W02-12 00:10:0? PRGE 65+ 


50 37172 000000 TTVCNT: .1*101??) 0 

51 37174 080000 DUM2: . HOED 0 


; COUNT DOWN FROM 5 
j CALMS AND ROOM ERROR IhlD. 


Q. W 

g® 

p & 

sB 

£> C 

Fc 

JXJ S 

j* g 

s E 

tel fe 

fiH 

g§ 

, 8 $ 





XHEIflBLE DATA RT-11 MACKO kn02-12 00:10:02 PAGE 66 

1 



cm . era s a a an cn dz cz ,□ dz nzn czn cza ezz czzs cza e 





EAM VARIABLES ET- 1 i MACRO I/M0H-12 00:10:02 PAGE 68 


.TITLE RAM VARIABLES 


3 037730 

037732 

4 837734 

5 037736 

6 037740 
037742 

7 

0. 037744 
037746 

8 037750 

10 37752 

11 37754 

12 37756 

13 37730 

14 37732 

15 37764 

16 37766 

17 

■10 37770 

19 37772 

20 37774 

21 
22 

23 

24 

25 

26 60000 
600G2 

27 60004 

28 60006 

29 60010 

30 60012 

31 60014 

32 60016 

33 60020 

34 60022. 

35 60024 


000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 


LSTTIM: 

QUTWFG: 

BPCNT: 

CERT: 


ORRT: 

SPLFLG : 
QCOMPUT: 
EOTPFG: 
EOTCT: 

PROGET: 

DSFOUT: 

DSCOUT: 

PRTFLG : 
PINTCT: 
NPRIR: 


.WORD 0 
. NOED 0 

. FLT2 0 


. FLT2 0 

. WORD 0 

• WORD 
■WORD 0 
.WORD 0 
.WORD 0 
. WORD 0 
.WORD 0 
.WORD 0 

. WORD 0 

.WORD 0 
. WORD 0 


060000 

000000 

000000 

000000 

000000 

000000 

000000 

0B0000 

000000 

000000 

000000 

000000 


j LOCATE 


LSTO: 

PTSTUFF: 

SPLRQS: 

SEC5CT: 

SEC ISC: 

FSl4iR: 

PSWWL : 

PSWGS: 

PRDHCT: 

PRfiDD: 


IN 12-1GK 
. =60000 

.FLT2 0 


.WORD 0 
.WORD 0 
. WORD 0 
.WORD 0 
. WORD 0 
. WORD 0 
. WORD 0 
. WORD 0 


;C02 RATIO = RAFC02/RAFN2 


; 02 RATIO = RAF02/RAFN2 


;0 NO COMPUTATIONS WAITING 1 OW 
; POINTS TO NEXT PROTOCOL STEP 
: NONZERO IS DATA SYS OUTPUT RE0 FOR PEF 
! NONZERO IS PTC ORDS OUTPUT REQUEST 

SPRINTER RQST FLAG 

5 COUNTS DOWN FROM 4 TO SAY 40 MSEC ELAPSED 


0 ; WHERE TO STUFF THE FTC GAS DATA 

; SPLINE FIT REQUEST 
55 SECOND COUNTER FOR PTC 
515 SEC COUNTER FOR PTC 


co 

CO 

CO 



BUFFER AREAS 

RT-ll MACRO WM02-1.2 

00:10:02 PAGE 69 

1 ' 

O' - 


.TITLE 

BUFFER 

AREAS 

d 

rl 

vV 

4 

5 060626 600000 

; THESE 

MUST BE 

CONTIGUOUS. THEY GET CLEARED IN A GROUP 

TIM ‘ 

.WORD 

0 . 

: LSW OF TIME 

6 060030 000008 

TIM2: 

. WORD 

.0 

;MSW OF TIME 

7 060032 006080 

CHE: 

.WORD 

0 

: BUMPED BY HR INTERRUPT 

8 060034 000000 

SWL: 

.WORD 

0 

;N0. OF SAMPLES FOR WORKLOAD 

0 960836 800800 

CWL: 

.WORD 

0 


10 68840 006000 


.WORD 

0 

: CURRENT OXYGEN 

11 63042 008000 

COS ■ 

.FLT2 

8. 

60044 000000 





12 60046 000000 

CC 02: 

.FLT2 

8 . 

VCURRENT COE 

68050 000000 





13 68052 000000 

CM'/ : 

. FLT2 

0 

; CURRENT MINUTE WOLUME 

60054 000000 





14 60856 008000 

CBS: 

,FLT2 

0 


60060 000000 





15 

16 60062 000000 

CSLOP : 

.FITS 

0 

: CARD I AC OUTPUT SLOPE 

60064 000000 





17 60866 000000 

C8D0T: 

. FLT2 

0 


68070 000000 





18 60872 0008O8 OSEP: 

. FLT2 

0 


60074 000000 





19 60076 0000S0 

CDBF: 

. FLT2 

0 


68100 008009 





20 





21 





22 

‘STORAGE AREA 

FOR PREVIOUS MINUTE' S DATA 

23 

24 60102 808000 

PBTTM1 

: .WORD 

0 


25 60104 000008 

PRTII12 

: . WORD 

0 


26 60106 000800 

PEHR: 

.FLT2 

0 


S01i0 000000 





27 60112 000000 

PRWL: 

. FLT2 

0 


60114 008000 





28 601 16 000000 

PE02: 

.FLT2 

0 


60120 000000 





29 60122 000080 

PBC02: 

.FLT2 

0 


60124 000000 





30 60126 000000 

. PEMW: 

. FLT2 

0 



60130 000000 

31 60132 800000. PRER: .FLT2 6 

.60134 080000 

32 

33 60-136 006080 PRSLOP : .FLT2 0 
6014O 000O00 

34 60142 300003 PEQPOf: . FLT2 0 
60144 000000 

35 601*16 000000 F'ESBP: . FLT2 8 

6O150 000000 

36 60152 080000 PRBBP: .FLT2 0 

60154 800000 . 

37 60156 000000 PBFHP: .WORD 0 

3S 
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4 Q6O160 

5 060162 

6 060164 

7 060166 

8 060170 

9 060172 

10 60174 

11 60176 

12 

13 

14 

15 60436 

16 

17 

18 

19 60460 

20 60462 

21 60464 

22 60466 

23 60470 

24 60472 

25 60474 

26 60476 

27 68736 

28 60740 

29 60742 
60744 

30 68746 
60750 

31 60752 
60754 

32 60756 


000000 

000000 

000000 

000000 

000000 

000000 

000000 


S WORKING AREA FOR PTC 

;THIS IS A CONTINUOUS BLOCK TO PTEND: 


PTCTls 
PTH5: 
PTH 10: 
PTH 15: 
PTW5: 
FTW10: 
PTW15 : 
PTGAS : 


.WORD 
. WORD 
.WORD 
.WORD 
.WORD 
.WORD 
. WORD 
. BLKW 


; STORED AS 80 MSEC HACK, INTEGER 02 
: INTEGER COE, INTEGER MW FOR EACH BREATH 
; REMAINDER OF WORDS 0 


PTCHDRs -BLKW 9. 


; BUFFER AREAS FOR PTC FOR TRANSMISSION 


000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

000000 

080000 

000000 


BPTCT: 

BPTH5 : 

BPTH10: 

BPTH15: 

BPTW5: 

BPTW10: 

BPTW15: 

BPTGAS: 

PTEND: 

PTHRCT: 

BRTHO: 


. WORD 0 
. WORD 0 
. WORD 3 

.WORD 0 
.WORD 0 
.WORD 0 
. WORD 0 
. BLKW 80 . 
.WORD 0 
. WORD 0 
. FLT2 0 


BRTHC : .FLT2 0 
BETHW: .FLT2 0 
QFLAG: .WORD 0 


-1 => Q MANEUVER TRIGGERED BUT NOT VET IN IT. 

0 => Q MANEUVER DONE OR NOT VET TRIGGERED 

1 => TRIGGERED AND INITIALIZED CPB PRESSED) 


° >■ 
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1 


2 060760 

000000 

NUMLFT: 

.WORD 

0 

3 060762 

00O0U0 

ADDS FT: 

. WORD 

0 

4 060764 

000000 

FMTPT: 

. WORD 

0 

5 060766 

000000 

FESTPT: 

. WORD 

0 

0 

7 060770 


HOLES: 

.BLKW 

10, 

8 061014 000000 


.WORD 

0 

9 061016 

000800 


. WORD 

0 

10 61020 

000800 


.WORD 

a 

11 6102? 

880000 


. WORD 

0 

12 61024 


WOPBFR: 

. BLKB 

6 

13 61032 

040 


. BYTE 

40 

14 61033 

040 


.BYTE 

40 

15 61034 

04O 


.BYTE 

40 

16 61035 


WONBFR : 

.BLKB 

6 

17 



. EWEH 


13 61044 

000000 


. WORD 

0 

19 61046 

000000 


.WORD 

0 

20 61050 

sr 

000000 


.WORD 

0 

22 





23 


: STACK 



24 



.BLKW 

281 

25 70712 


STACK -■ 

. BLKW 

1 

26 70714 

000006 

KBUF 1 : 

. WORD 

0 

27 70716 

23 

29 

000000 

CIS: 

. WORD 

0 

30 

070760 


. =78760 


31 7G706 

000000 

NE6DM: 

. WORD 

0 


32 


i CR-LF INDICATOR FOR PRINTER 
; FOR A FORMAT CONSTANT 


; DUMMV MEG DESTINATION 


SB 

S3 3 
SB 

£g 

oP 

73 a 




cm 
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1 .TITLE CONSTANTS 

2 

3 5 CONTINUE WHERE PROGRAM ROM LEFT OFF 

4 016664 .=16664 

5 

6 

7 5 

0 5 CONSTANTS SECTION - TO BE PLACED IN PROM 

9 

10 16664 03620? SLk': .FLT2 0.004126 : SPIROMETER WALWE CORRESP. TO LITERS/WOLTS 

16666 031546 

11 16670 040231 D1.2: .FLT2 1.2 ;1.2L BTPS IN SPIROMETER A/D COUNTS 

16672 114632 

12 16674 037514 D0.2: .FLT2 0.2 J0.2L BTPS IN SPIROMETER A/D COUNTS 

16676 146315 

13 

14 16700 037663 D.35: . FLT2 0.35 

16702 031463 

15 16704 040046 D.65: .FLT2 0.65 

1G70S 063146 

16 16710 043273 DG000: ,FLT2 6000. 

16712 100000 

1? 16714 043073 D3B00: .FLT2 3000. 

16716 100000 

IB 16720 036777 NUOBI.D: .FLT2 0.0312 
16722 113444 

19 

20 ; GENERAL CONSTANTS 

21 16724 000001 XBUF12: .WORD 1 

22 16726 177777 MINI: .WORD -1 

23 16730 140200 DM1: .FLT2 -1.0 

16732 000000 

24 16734 140131 DM.85: . FLT2 “0.05 

16736 114632 

25 16740 040500 D3.0: .FLT2 3.0 

16742 000000 

26 16744 040400 D2.0: .FLT2 2.0 

L6746 000800 

2? 16750 348200 D1.0: . FLT2 1.0 

16752 000000 

28 

29 -.ROOM AIR CONSTANTS 

30 16754 037502 D. 19: .FLT2 0.19 

16756 107534 

31 1C760 036643 D.02: .FLT2 0.02 

16762 153412 

32 16764 036765 D.03: .FLT2 0.03 

16766 141217 

33 

34 16?70 040213 BTPSF : . FLT2 1.086 

16772 001014 


~ \ 
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1 016774 10? BADAIR: .flSCIZ 

010775 101 

01677O 1.04 

016777 040 

017000 122 

017001 117 

017002 117 

01700* 115 

U 17004 040 

017000 101 

01700:'. HI 

017007 122 

FU7010 000 

2 017011 103 .ASCI 2 

017012 117 

017013 122 

017014 122 

817015 105 

017816 103 

017817 !24 

017020 040 

017021 123 

017022 111 

017023 124 

017024 125 

017025 181 

01702:-. 124 

017027 111 

017030 117 

017031 116 

017032 090 

3 017833 122 .ASCIZ 

■017034 105 

017035 122 

017336 125 

A17(i37 116 

0 1 7U4Q 048 

817041 122 

017W-.2 117 

017045 117 

017044 115 

017045 040 

017846 101 

01704* 7 111 

017058 122 

017051 CiuO 

4 . EVEH 

5 . Emi 

6 

7 


/BAD ROOM AIR/ 


/CORRECT SITUATION/ 


/RERUN ROOM AIR/ 


l 
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; PULMONARY FUNCTION REPORT 
017052 120 TITLE: .ASCIZ /PULMONARY FUNCTION/ 

017053 125 

017054 114 

017055 115 

017056 117 

G 17057 116 

017060 101 

017061 122 

017062 131 

017063 040 

017064 -106 

017065 125 

017066 116 

017067 103 

017070 124 

017071 111 

017072 117 

O17073 116 

Ml 7074 000 

017875 123 .ASCIZ /SUBJECT / 

017876 125 

017077 102 

017100 112 

317101 105 

317102 103 

017103 124 

017104 040 

017105 040 

017106 040 

017107 040 

017110 040 

017111 040 

017112 040 

017113 000 

. EMEN 


7 017114 

106 MSGS: 

.ASCIZ 

/FEY1/ 

017115 

105 



017116 

126 



017117 

061 



017120 

000 



8 017121 

106 

.ASCIZ 

/FYC/ 

317122 

017123 

126 



103 



017124 

000 



9 017125 

115 

.ASCIZ 

/MMFR/ 

017126 

115 



017127 

1G6 



017130 

122 



017131 

000 



10 17132 

115 

.ASCIZ 

/MEFR/ 

17133 

105 



17134 

10G 



17135 

122 



17136 

000 
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; • :. .* •: : •: . 1 ' ■ X 

... r !. I '- 

. H'.> IZ ,\,i HELTh." 


.ASCIZ /CVS 
. RSCIZ V.Vs 
.flSCIZ 'Vfi'W* . 

. rri-r i z ''ixvi/vc^ 


.hY;.CIZ FVC/VC;:'- 


:12 ''CV/vcrs 


•XC.'TLC' 


1 . 
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2 017232 

124 

Ul7.:S5 

1 1 1 

U 172 34 

115 

017/55 

103 

017236 

000 

3 017/37 

110 

0172-10 

105 

017741 

101 

017242 

122 

017/43 

124 

017244 

040 

U 1 1 24*5 

122 

01, 240 

101 

0 1 72-17 

124 

017250 

105 

0 1 25 1 

000 

4 017252 

127 

017253 

1 17 

017254 

122 

017755 

113 

0 1 7230 

040 

017257 

114 

0177'; 0 

117 

U 1 72''. 1 

101 

017262 

104 

0 172C3 

000 

5 0 1 7 2‘- 1 

117 

017203 

002 

0 172'*.C 

040 

0172C7 

103 

017270 

117 

017271 

1 10 

017272 

123 

017273 

125 

017274 

115 

017275 

120 

01. 27>> 

124 

0 1 7277 

111 

017300 

117 

017301 

116 

0173(12 

unO 

6 0175115 

103 

0 17304 

1 17 

017305 

062 

0 17300 

04 U 

0 173i 1/ 

120 

017510 

1 r ‘2 

017311 

lT 7 

0 1 73 1 2 

in i 

017 j ] j 

I.'-5 

G!7?14 

ids 

017315 

124 

017310 

111 

0 17:! 17 

1 17 


textim: 


.TITLE BLOOD FLOW TEXT 
.A3C1Z /TIME/ 


.hSOIL - HEART RATE.- 


.fiOCIZ -'WORK LOAD/' 


, ASCIZ /02 CONSUMPTION/ 



wj 


ASCIZ /C02 PRODUCTION/ 



CEO H-102-12 


00:10:02 PAGE ?6 


.ASCIZ /MINUTE l/OLUME/ 



.ASCIZ /RES RATE/ 


.ASCIZ /F PC02 SLOPE/ * 


.ASCIZ /CARDIAC OUTPUT/ 


ASCIZ /S B P/ 


CONSTANTS 
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1 

2 

3 

4 

5 

6 


01742? 

017424 

017426 

01747.O 


042476 

000000 

041310 

000000 


.TITLE CONSTANTS 
5 CALMS CONSTANTS 
. EWEN 

F760: .FLT2 760. 


CFL25: .FLT2 25. 


© 


8 017432 

001030 OCTMSO: . HOED 

001030 

y 0174s i 

ON | ij2>j 

.HOLD 

001020 

10 

17436 

001020 

.IBRD 

001020 

1 1 
12 
13 

17440 

00 1020 

.WORD 

00 1020 

17442 

OO043O 

NCTMSO: .WORD 

000430 

14 

17444 

OO042O 

. l-ioiiii 

000420 

15 

17^46 

OO042O 

. HOED 

000420 

16 

17 

18 

17450 

0110420 

.HOED 

0UC42Q 

1745ii 

0U1410 

CCTMSO: .HOED 

001410 

10 

17454 

00 142U 

.HOED 

001420 

20 

17456 

On 1 4?U 

.HOED 

00142O 

?! 

17461-' 

001420 

.WORD 

001420 

cV 





23 

1 7 46? 

fil.'OOOO 

INI-'RTU: .HORD 

0 

24 

17464 

CiOOOOO 

. HOED 

0 

25 

17466 

000000 

. HORD 

0 

26 

17470 

177770 

. HOED 

177770 

27 

17472 

0O0O3O 

CAPDLSO .WORD 

24. 

28 

1 1 4r 4 

000040 

.HOED 

32. • 

2D 

17476 

000036 

.MORI) 

30. 

30 

D 4 

ol 

17500 

OO0042 

.word 

34. 

1750? 

037425 

CGF02: .FLT2 

R . 1464 


17504 

1 64742 



33 

17506 

0 431 16 

C6FII2: . FLT2 

0 . 8056 


17510 

Hs5.' 15 



34 

17512 

0 sF 104 

CGFC02: . FLT2 

0.048 


17514 

1 15646 



35 

175 1C 

U; 1.006 

FHDATA: . HORD 

FWDAT 

38 

17520 

0O040Q 

C02TRS: .WORD 

400 

O i 

38 





38 

17522 

052 

FMftST* .ASCII 


40 

17523 

056 

FHDOT: .ASCII 

II 11 

41 

17524 

055 

FHHIIIS: .ASCII 

II _* 11 

42 

17525 

040 

FHSPC : .nSC ll 

11 II 

43 



. O 'El 1 


44 

17526 

044000 

F32763: . FLT2 

32768. 


17530 

000000 



45 

17532 

14O20O FMFHl: .FLT2 

-1 


17534 

000000 



46 

17536 

042434 

FllFlQK: .FLT2 

10000. 


17540 

040080 



47 





48 

17542 

U 00002 

FV: 2 


49 

17544 

000083 

F /n i 3 



;NUMBEE OF 20 MSEC HUNKS TO DELAV VOLUME 
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ci 


i 


ebb mm mm mm wsm wsm mm mm tsssa 


CuHST^jp 

b i:T“ 1 1 

macho t-TlO 

2- 12 00:10:02 PfiGE 73 

1 017546 

127 !•!?.»;. l: 

.1-lSCl? 

2UHAT BUTTON ???/ * 

oirswi 

no 



01755*1 

101 



0 17551 

124 



0175’. 2 

• 040 



0 17C- 

i02 



017554 

125 



017555 

1 24 



0 1 1 itbb 

124 



017557 

117 



017560 

116 


o 

017561 

04U 



017562 

077 



017565 

' 077 



Q17bb4 

077 



U 17565 

non 



2 01756b 

377 

. BYTE 

-1 

3 


. EMEU 


4 017570 

0424to<i D/ 13* 

. FLT2 

713. 

017572 

040000 



5 017574 

0 0001)6 i'THRSH 

i,. WORD 

6 

7 017576 

101 I MSG: 

.ASCIZ 

/ABORT - RESTART/ 

017577 

!U2 



017600 

117 



017601 

122 



017602 

124 



017603 

04U 



017G04 

055 



017605 

1)40 



017606 

122 



017607 

105 



017610 

123 



017611 

124 



017612 

101 



0176 13 

122 



0 i76l4 

124 



017615 

000 

* 


8 017616 

377 

.BYTE 

-'l 

9 


.EMEN 


10 





u 

12 
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1 © 


.TITLE 

ROM CONSTANTS-PEF > PTC 

2 




3 017620 

103 COKM: 

•ASCIZ 

/CAL COMPLETE/, 

017621 

101 



017622 

114 



017623 

040 



017624 

103 



017625 

117 



017626 

1 15 



017*327 

120 



0I763O 

114 



017631 

105 



017632 

124 



017633 

105 


* 

017634 

000 



4 017635 

377 

.BVTE 

-1 

5 


. E|/£H 


6 017636 

102 CBDM: 

•RSCIZ 

/BAD MS CAL-REDO/ 

017637 

101 



017640 

104 



017641 

040 



017642 

115 



017643 

123 



017644 

040 


* 

017645 

103 


■ 

017646 

101 



017647 

114 



017650 

055 



017651 

122 



017652 

105 



•017653 

104 



017654 

117 



017655 

000 



7 017656 

377 

• BYTE 

-1 

6 


.H/EN 
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2 Ql?hGn 

3 ru 

4 uir»'to 4 

5 01 ; '.O'. 

6 UIV' j.U 

7 or, >..:* 

0 Uti l 74 

0 utr-.v. 

Ill ll'Ui-t 
tl IV. U.:' 
ir* r. .04 

r*. iv . 

14 17.10 
15. IV. 12 
to 17714 

17 177 10 

18 17V2U 
10 17722 

20 17724 

21 n 

22 171 :.U 

23 17.32 


0011001 

nnMl'iO'? 

11110004 

artuorr. 

1 'iitifnriu 

Minimi'* 
M.v'UQi 
u* ifiijtrs 
Ou^.JL! 1 

fll'!i»i u 1 

i ll :Hri 1 
1 : 1 !« Si OU 
I IS -i !1 

ni ii n.:u t 

OMUUiY-, 

ijoriuo i 

OmOCiQ * 
ufWlljl.l 

nnnnw 
yi: JtiClO 
UL« j 005 


; THESE 

»cus 


DEC ROM FORMATS FOR DATA OUTRIT 


Ollf'ivi 


.l-ICRD 
. HOED 
, HOED 
. HOED 
.HOED 

j.im'-'ii 
.HOED 
. I Viisl) 

. 11 ..;.; 

Ji.H'i) 

. I.IORII 
, i 'nP n 
. li'i'D 
. HUE)) 
.HOED 
. HOED 
. MOKIi 
.HOED 
. HOED 

. I.h-.IMI 

1 

.liOKl* 
. HI Tl t 
. FLT2 


5 TIMEX 
;X 

;HE V 


*02 V 

;C02 Y 

! IV *Y 

•P.R 

; SLOPE 

; CARDIAC OUTPUT Y 

;SBP 

;DRP 



17.70 

inmnno 

2o 

17740 

1 1— 17. 1 .■ . Dw.27b7: 


17742 

177O00 

27 

17 744 

0401511 GTFDF: 


17. 10 

172703 

28 

17. * A 

Ct-.K-.U03 D0 . 082 '• 


177 52 

01 i 157 

29 

17V 44 

07.b2.s2 D . 0047 : 


1775b 

HOI 105 

30 

tr.'bO 

038735 OCTRS: 

17702 

027433 

31 

17704 

035b5b TIHFAC: 


17700 

175453 

32 

Xl * t bl 

037425 HLFAC: 


I 7 * 77:1 

I I l i «- 

177332 

33 

17774 

nrMn.ii.i'J HLOFF : 


1777m 

UUHOCisJ 

34 

35 

3b 


.1 START 

37 


04U0UU 


39 

4IKHJU 

U373U7 SBPFAC : 


4UO02 

t V . 7 

40 

40’.' C)4 

041510 SHROFF: 


40'UO 

01 f 1 UOU 

41 

4U0 10 

0 .. I0V DUE FAC . 


40012 

1 77 73b 

42 

400 1 4 

041440 DBPOFF: 


400 lb 

0U0IJ0O 

43 

44 


: . l'L'i'2 
. FLT2 
; . FLT2 
: . FLT2 
.FLT2 
: .FLT2 
.FLT2 
. KJ.T2 


0.91 

0.002 

O.0047 


Sg 

pi? 


F& 


.00133? 
. 14848 


;Q MANUEMER C02 THRESHHOLD 
;NQ OF MIH /80MSEC 


If 


,= 4 U 0 U 0 
. FL 1*2 
.FLT 2 
. FLT2 
. FLT2 


. 0O7G5G 
SO. 

.048828 

40 . 


150-250 RANGE MM/CT 
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